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In the past two decades, business and maintenance performance 
measurement have received a great amount of attention from researchers and 
practitioners. This interest has lead to a performance measurement revolution 
with the introduction of balanced and integrated performance measurement 
systems replacing the traditional systems, which were based on cost 
accounting. It is know recognized that balanced and integrated measurement 
systems constitute a significant competitive advantage. 
An extensive literature review reveals two areas of interest in the field of 
maintenance performance. 
- While it is of crucial importance to constantly follow the evolution of the 
organisational context, there are few studies on the current perception of 
maintenance managers in the Oil & Gas industry 
- While the involvement of every employee is a clear requirement to 
achieve an effective performance management, few researchers have 
studied the perception on the performance measurement at different 
hierarchical levels. 
This thesis presents a study on the perception and the use of performance 
measurement in an Oil and Gas maintenance organisation. A survey was 
conducted within a major Oil & Gas company, which involved their entire 
maintenance department. 
The project suggests that maintenance managers have recognized the recent 
evolution in performance measurement and are thinking beyond the traditional 
measurement of maintenance performance in line with the recent changes in 
the context of O&G. Additionally, the project highlights the fact that the 
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perceived usefulness and importance of the measurement differ across the 
hierarchy: this misalignment between the hierarchical levels may prevent the 
organization from successfully achieving its strategy and should encourage top 
management to endeavour to communicate more effectively. 
These results are of interest for researchers, managers and performance 
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1 Introduction to the research project 
 
1.1 Introduction 
In this chapter, the justification of the research project and its expected 
outcomes are presented. The structure of the thesis is also provided. 
 
1.2 Research background 
Recent global growth has been accompanied by an increasing demand for 
energy, particularly for oil and gas (O&G). Natural gas consumption worldwide 
increases in the International Energy Outlook 2009 reference case from 104 
trillion cubic feet in 2006 to 153 trillion cubic feet in 2030. World use of liquids 
and other petroleum grows from 85 million barrels per day in 2006 to 91 million 
barrels per day in 2015 and 107 million barrels per day in 2030 according to 
the yearly report of EIA, Energy Information Administration which issues the 
official energy statistics for the United States (International Energy Outlook, 
2009). In this tight supply context, optimizing the current source of production 
has become a clear pre-requisite for the economic success of the energy 
producers. Managers of the maintenance department in the Oil and Gas 
business are therefore particularly challenged to improve reliability and uptime 
of the production equipment (Filder, 2009). However, the maintenance function 
has progressively evolved from this tactical role of maintaining and fixing 
facilities toward a strategic role in the industrial organization (Tsang and 
Brown, 1999). This move has consequently modified the mission of 
maintenance managers, who are now confronted with a wide range of 
challenges covering organizational and management, material resources, 
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human resources and environment (De Groote, 1995). 
Focusing on the upstream oil and gas sector, this project seeks to explore the 
practice and the perception of the practicing managers across a maintenance 
organization about performance measurement, which remains an 
unresearched area within the business performance measurement literature. 
 
1.3 Research presentation 
The focus of the research project and the associated research questions are 
first presented. Its outputs are then described.  
 
Research focus 
The number of parameters that managers should take into account in the 
management of the maintenance has significantly increased in accordance 
with the extension of the role of this function within the industrial context (De 
Groote, 1995).  Moreover, the literature suggests that successful maintenance 
necessitates the involvement of the workers from all levels as expressed in the 
Total Productive Maintenance (TPM) philosophy of Nakajima (1988) and an 
effective communication of the maintenance objectives across the hierarchical 
levels (Parida and Chattopadhyay, 2007).  
The focus of this research project, performed in the specific upstream Oil & 
Gas industry, is on capturing the perception of maintenance employees with 
respect to the performance measurement of their activities. The scope of this 
study does not include corporate level performance and is not an attempt to 
evaluate the effectiveness of the maintenance performance measurement. 
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Overall research aims and research questions 
Clearly, the need to consider various dimensions in the performance 
measurement is now an established fact in the literature on performance 
measurement, since the publication of the article presenting the balanced 
scorecard of Kaplan and Norton (1992). Following this call for multi-dimension 
performance measurement, many models have also been developed for 
maintenance. Nonetheless, Parida (2006) calls for further development of 
maintenance performance measurement frameworks to adapt them to the 
specific needs of some industries based on “collection and analysis of 
specific’s industry data”. 
Once the dimensions have been identified, their effective communication 
across the maintenance organization is an area worthy of study, as it 
constitutes a key factor for the successful management of an organization 
according to Parida and Chattopadhyay (2007).  
 
Specifically, within the context of the maintenance in the Oil & Gas industry, 
the research questions are: 
RQ 1: What are the relevant dimensions and indicators in the performance 
measurement of the maintenance activities?  
RQ 2: Are there differences in the perception of the performance measurement 
between the hierarchical levels? 
As a result of these research questions, discussions and further 
recommendations will be formulated. 
 
 




The objective of this research is to collect and analyze data on the current 
perception of maintenance performance measurement by maintenance 
employees in the context of the O&G industry. A comprehensive review of the 
literature in the maintenance performance measurement field is first carried out 
and provides the common performance dimensions and indicators, which 
serve in the construction of the questionnaire. Surveying the maintenance 
employees of an O&G company allow to evaluate the relevance and the 
usefulness of the dimensions and the indicators in regard with their activities. It 
also serves the purpose for comparing the perception across the organization. 
 
Value of this research 
There are at least two aspects of the results that are of interest to engineers 
and researchers in the maintenance management field.  
Firstly, the project presents a comprehensive list of maintenance performance 
dimensions and measures and then indicates to which the extent maintenance 
employees have found each measures useful. This result allows evaluating to 
which extent the recent changes in the performance measurement have been 
translated into the maintenance management practices of Oil & Gas. It also, 
hence, provides a practical insight for the researchers in the field of 
maintenance management. It can further give some useful information for 
performance accountants to better understand the need of the final users of 
performance measurement and how to consequently adapt their reports. 
Secondly, the results present an analysis of the similarities and the differences 
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in the perception of the maintenance performance measurement across the 
hierarchy of an organization. By assessing the level of interest of each 
hierarchical group within a maintenance organization, the project takes an 
approach, which is very seldom taken in the operations management studies. 
The results can be valuable for upper managers within the maintenance 
function, who may understand their employees’ perception and then improve 
their communication toward lower management levels. 
 
1.4 Structure of the thesis 
The organisation of the thesis is detailed in this paragraph. 
Chapter 1 constitutes the introduction. It explains the justification of the 
research, its expected outcomes and provides the structure of the thesis. The 
literature review of Chapter 2 aims to explore the current state of art in the 
subjects related to the research objectives and identifies the research gaps. In 
Chapter 3, the research methodology along with the rationales for its selection 
is presented. The survey tool construction is also explained. In Chapter 4, the 
results and findings from the survey of the maintenance employees are 
presented. Chapter 5, the conclusion chapter, discusses the main findings in 
regards to the literature and summarizes the results. In addition, it identifies 
several research limitations and provides some possible future research in this 
area. 
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2 Literature review 
2.1 Introduction 
In this chapter, an overview of the performance measurement context is given. 
After having reviewed the main frameworks of business and maintenance 
performance measurement, the previous studies on the use of measures are 
presented. Finally, the research gaps are identified. 
 
2.2 Overview of performance measurement  
“When you can measure what you are speaking about, and express it in 
numbers, you know something about it. Otherwise, your knowledge is of a 
meagre and unsatisfactory kind; it may be the beginning of knowledge, but you 
have scarcely in thought advanced the stage of science”  
Lord Kelvin (1824-1907) cited in Fisher (1990) 
 
Evolution of business performance measurement 
Performance measurement systems were first implemented as early as the XV 
century by Luca Pacioli, who presented in his Summa de Arithmetica, 
Geometrica, Proportioni et Proportionalita of 1494 simple principles that are 
still currently in use. However, Ghalayini and Noble (1996) have performed a 
comprehensive survey of the literature in this area and explain that the theory 
concerning performance measurement has evolved in two main phases: the 
initial cost accounting approach of performance measurement was followed by 
an integrated approach. For a long time, cost accounting models have been 
the norm in performance measurement. DuPont used the Pyramid of Financial 
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Ratios and the Return on Investment management as early as 1903 
(Chandler, 1977). The return on equity (ROE) and the Return on Asset (ROA) 
are indicators that are still commonly used to assess the financial performance 
of a business. These traditional financial measures have been progressively 
considered as insufficient to run a business and numerous authors have 
discussed the shortcomings of this type of performance measurement in the 
industrial context. It is commonly criticised for the following reasons:   
- Short-term decision making is encouraged, like delaying capital 
investment (Hayes and Garvin, 1982; Banks and Wheelwright, 1979) 
- No strategic focus and failure to provide data on quality, flexibility and 
responsiveness (Neely et al., 1997) 
- Managers are encouraged to minimize variance from the standard 
rather than to improve continuously (Turney and Andersen, 1989) 
- Failure to provide information on customers’ need and competitors’ 
performance (Kaplan and Norton, 1992) 
- Inappropriateness for managing business of the day and 
inapplicability to modernize manufacturing techniques (Bourne and 
Neely, 2003) 
- Rarely integrated with one another or aligned to the business process 
(Lynch and Cross, 1991)  
 
Main performance measurement frameworks 
In order to overhaul the limitations of traditional measurement, practitioners 
and academics began to develop new frameworks and models considering 
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other perspectives for the assessment of performance. The organization 
competitive circumstances were taken into account (Eccles, 1991; Neely, 
1999; Chenhall and Langfield-Smith, 2007) and multi-perspective 
performances reporting systems became more and more widespread.   
Sink and Tuttle (1989) are among the first to develop a non-financial 
performance measurement approach where the performance of an 
organisation is defined as a complex interrelationship between seven 
performance criteria:  Effectiveness - “doing the right things, at the right time, 
with the right quality”, Efficiency - “doing the things right”, Productivity, Quality 
of work life, Innovation and Profitability / Budget ability. Kaplan and Norton 
(1992) also presented a multi-perspective system with the Balanced scorecard 
(BSC), which is now one of the most widely accepted framework to evaluate 
the performance of a company or an operational department (Tangen, 2004). 
Besides the financial dimension, this performance measurement system 
integrates three perspectives, which are namely Customer, Internal Business 
Processes and Learning and Growth. Constituted from operational measures, 
they are defined as the drivers of future financial performance. While focusing 
on four perspectives and providing a balanced view of the business, the BSC 
limits the risk of sub-optimization by the managers, as improvement in one 
area should not be achieved at the expense of another. 
 
Major progress was made in the field performance measurement management 
with the BSC as it offers an overall view of performance; however, some 
shortcomings of this framework were soon identified: the main limitations are 
as follows: 
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-Inappropriateness to factory operational levels (Ghalayini et al., 1997)   
-No consideration of other crucial performance issues such as 
employees or environment (Neely et al., 2001) 
 
The integrated performance measurement system also known in the literature 
as the performance pyramid or the SMART system is promoted by Lynch and 
Cross (1995) and presents a solution, which addresses the first limitation 
identified by Ghalayini et al. (1997), as it presents four levels of 
responsibilities: business, business units, business processes and individual 
responsibilities. The model links an organisation’s strategy with its operations 
by translating objectives from the top-down and measures from the bottom-up. 
Every manager of an organisation, where the performance pyramid is 
implemented, is able to communicate to the employees at each hierarchical 
level the measures that matter and the underlying objectives of these 
indicators, which derives from the organisation strategy. 
Neely et al. (2001) addressed the second limitation with the conceptual 
framework of the performance prism. The model, which consists of five 
“interrelated facets”, links five perspectives of performance: stakeholder’s 
satisfaction, strategies, the processes facet, the internal capabilities facet and 










Figure 2.1: The performance prism 
(source: Neely et al., 2002 cited in Bourne et al., 2003a) 
 
The performance prism (Figure 2.1) offers a more comprehensive view of the 
organisation stakeholders (e.g. investors, customers, employees, regulators 
and suppliers) than any other framework (Tangen, 2004).  
 
According to the surveyed performance measurement literature, the main 
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requirements for an effective measurement system are to: 
- Provide a balanced view of the business (Kaplan and Norton, 1992) 
- Provide a concise overview of the organisation’s performance 
(Kaplan and Norton, 1992)  
- Provide explanation of the results by covering the drivers of 
performance (Kaplan and Norton, 1992; Lynch and Cross, 1995) 
- Be integrated across the organisation and through its hierarchy 
(Lynch and Cross, 1995) 
- Meet the business stakeholders needs (Neely et al., 2002) 
 
2.3 Overview of maintenance performance measurement 
Evolution of the maintenance status  
Maintenance, as an integral part of business process, has closely followed the 
evolution, which took place in the business performance measurement 
literature. 
In the past, maintenance performance measurement was also limited to the 
financial dimension with minimum budget reporting (Pintelon, 1990). This habit 
has lead to the perception that the function is represented solely as an 
expense account, which may easily constitute a target for reduction 
programmes (Tsang, 1998). From this perspective, maintenance has 
increasingly evolved toward a whole part of total performance approach since 
every business such as mining, processing, and manufacturing, needs working 
equipment to deliver its outputs (Murthy, 2002). It is now widely acknowledged 
that effective maintenance management is a major contributor to the 
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performance and profitability in these businesses, and plays a key role in the 
long-term success of an organisation. This is especially true in high risk and 
capital-intensive industries such as O&G production (Coetzee, 1998; Tsang, 
1998; Liyanage and Kumar, 2003). For this reason, maintenance performance 
measurement has received a great amount of attention from researchers and 
practitioners. 
 
Maintenance performance measurement frameworks 
This evolution of the maintenance status has lead to the development of 
various performance measurement models and frameworks.  
Initially, maintenance was only seen as a “tool” to optimise the availability and 
the reliability of production equipment with the care of maintaining the 
operating cost at an acceptable level (Campbell, 1995). Campbell  (1995) and 
Coetzee (1998) are among the first researchers to propose a list of generic 
maintenance performance indicators and ratios useful to monitor the 
performance of the maintenance function. They are classified under four 
categories (Table 2.1) 
- Machine / facility efficiency 
- Task efficiency 
- Organisational efficiency 
- Profit / Cost efficiency 
 
 
Table 2.1: Performance indicators in maintenance operations  
(source : Coetzee, 1998) 
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Number of tasks 
completed 
Number of task received 
Number of tasks 
overdue 
Time spend on tasks 
Clocked time 
Time planned for 
scheduled tasks 
Time planned for 
overdue 
scheduled tasks 
Time spent on 
breakdowns 
Cost of breakdown 
Direct cost of 
maintenance 
Cost of maintenance 
Cost of lost production 
Plant investment value 
 
 
Following the publication of the Balanced Scorecard (Kaplan and Norton, 
1996), many authors and practitioners acknowledged the need to extend the 
scope of measurement for the maintenance function beyond the common 
maintenance measures considered by Camptbell (1995) and Coetzee (1998). 
This type of measurement is criticised as it is essentially focused on 
operational and tactical aspects and fails to provide the strategic and 
hierarchical aspects of an effective performance measurement system 
(Kutucuoglu, 2001).  
To address these limitations, Tsang and Brown (1999) and Alsyouf (2006) 
proposed some frameworks directly adapted from the Balanced Scorecard in 
order to bring a strategic approach to the maintenance performance 
measurement. They showed that maintenance performance evaluation cannot 
be reduced to the financial and operational aspects (Financial and “Customer” 
perspective) but should also integrate a strategic view of the organisation. This 
ensures the coverage of certain issues such as the maintenance programme, 
deployment of manpower (Internal Processes perspective – the long and short 
term means to achieve financial and customers objectives) and upgrading the 
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knowledge and skills of the workforce (Learning and Growth perspective – 
capability to improve and create value) in the measurement system.  
However, Liyanage and Kumar (2003) notice that most of the previous BSC-
based performance measurement for maintenance - such as the models 
developed by Tsang and Brown (1999) - describes a causal model for 
enhancing financial returns only, disregarding the rest of the stakeholders who 
matter for commercial success. For this reason, they created a link-and-effect 
model for operations and maintenance performance management based on 
the principles of the balanced scorecard, which starts from the Learning & 
Improvement perspective (Human resources) but ends up with the results from 
the company stakeholders’ perspectives – economical, environmental and 
social. It is consistent with the recommendations made by Neely et al. (2001) 
that a performance measurement system development should derive from the 
stakeholders’ requirements to offer a holistic view of the business. 
Consequently, economic, environment and social perspectives related to the 








Figure 2.2: Strategy map for maintenance operations 
(source: Liyanage and Kumar, 2002) 
 
Based on the consolidation of all the previously published studies in the 
maintenance and business performance measurement areas, Parida and 
Chattopadhyay (2007) developed a multi-criteria hierarchical framework for 
maintenance performance. Their most noticeable input is the need to explicitly 
consider the Impact on Customer satisfaction, Employee satisfaction, Health, 
Security & Safety and Environment for the evaluation of the maintenance 
performance. It could be questionable to include employee satisfaction as a 
maintenance performance dimension as it is not an issue specifically related to 
the management of the maintenance function. However, the integration of the 
two last dimensions Health, Security & Safety and Environment in the 
performance assessment of maintenance activities is in line with the overall 
move toward more sustainable business activities identified by Liyanage and 
Learning & Growth perspective 
Operational processes perspective 
Internal perspective 
Economic  
(Cost / Production) 
Environment Social 
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Kumar (2003).  Additionally, the authors presented a list of the most important 
maintenance key performance indicators available in the literature under each 
performance dimensions to create a comprehensive and balanced 
maintenance performance measurement system. The authors loosely 
associated the indicators to the hierarchical levels to which they correspond 
according to the aggregation principle – i.e. an indicator belongs to a higher 
level if it is an aggregation of lower level performance indicators. The 
Maintenance Performance Measurement framework of Parida and 
Chattopadhyay (2007) presented in table 2.2 offers a balanced and integrated 
view of the maintenance within an industrial organisation and is intended for 
regular use from strategic to functional levels after an adaption according to 
the specific business context in which it should be used (ibid.). 
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Table 2.2: Maintenance Performance Measurement framework   






Strategic / Top 
Management 











- Production rate 
- Quality 
- Number of stops 
- Production rate 
- Quality 
- Number of stops 
- Downtime 
Cost / Finance 
related 
- Maintenance / 
Production cost per 
ton 
- Maintenance / 
Production cost per 
ton 

















growth & innovation 
- Generation of a 
number of new 
ideas 





- Generations of 
number of new 
ideas 
- Skill improvement 
training 
- Generation of 
number of new 
ideas 




- Quality complaint 
numbers  
- Quality return 
- Customer 
satisfaction 
- New customer 
addition 
 
- Quality complaint 
numbers 
- Quality return 
- Customer 
satisfaction 
- New customer 
addition 
- Quality complaint 
- Quality return 
- Customer 
satisfaction 
Health, safety & 
environment  
- Number of 
accidents 




- HSE* complaints 
- Number of 
accidents 




- HSE* complaints 
- Number of 
accidents 













+ OEE = Overall Equipment effectiveness is defined by the formula: 
Availability × Production rate × Quality (Bamber et al., 2003) 
 
* HSE: Health, Safety and Environment 
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The maintenance performance management has undergone tremendous 
changes in the recent period. The main maintenance performance frameworks 
with their dimensions are summarized in the table 2.3. 
 
Table 2.3: Evolution in the dimensions of maintenance performance  




















Cost        
Machine 
efficiency 
       
Task 
Efficiency 
       
Organisation        
Learning and 
Improvement 
       
Customer 
satisfaction 
       
Environment        
Health & 
Safety 
       
Employee 
satisfaction 
       
 : Dimension considered 
 : Dimension not considered 
 
The evolution in the theory of maintenance performance measurement allows 
to present the following dimensions as the ones to be integrated in a 
comprehensive performance measurement system:  “Cost / finance related”, 
“Machine efficiency”, “Task efficiency”, “Organisation efficiency”, “Learning and 
Improvement”, “Customer satisfaction”, “Environment”, “Health and Safety”1. 
 
2.4 Emerging issues in performance measurement 
                                            
1
 ‘Environment’ and ‘Health & Safety’ dimensions are often considered as a single 
performance dimension named ‘Health, Safety & Environment’ or ‘HSE’ 
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The review of the literature permits bringing out two issues in the area of 
maintenance performance measurement in the Oil & Gas companies. 
 
2.4.1 Measuring performance in a changing environment 
The shortcomings in traditional measurement have resulted in a crisis in the 
performance measurement area and, a subsequent revolution, in the theory 
related to the performance measurement systems to ensure that they 
systematically reflect the competitive circumstance of their organisations 
(Eccles, 1991; Neely, 1999; Chenhall and Langfield-Smith, 2007). It is now 
proven that companies using an integrated balanced measurement system are 
prone to perform better than their competitors, which do not use such 
measurement systems to evaluate their performance (Lingle and Schiemann, 
1996; Kennerley and Neely, 2003). The literature also emphasizes the fact that 
the performance measurement systems should be constantly maintained in 
line with the crucial issues of the business (Lynch and Cross, 1991). After the 
introduction of the Balanced Scorecard of Kaplan and Norton (1996), many 
practitioners have acknowledged this fact and many organisations have spent 
considerable time and resources to implement balanced measurement 
systems (Kennerley and Neely, 2003). For instance, data collected by the 
Balanced Scorecard Collaborative suggest that over 50 per cent of surveyed 
firms worldwide had adopted the BSC in the middle 2001, with another 25 
percent considering it (Downing, 2001).  
However, Kennerley and Neely (2003) clearly identify that there is a danger of 
failing to effectively manage the way in which measurement systems change 
over time: despite all of the time and effort spent redesigning measurement 
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systems, there is little evidence that the organisations are managing their 
measurement systems to ensure that they continue to reflect the 
organisational environment as that context evolves (ibid.). With most of the 
measurement systems introduced at the turn of the century, there is a 
possibility that “new” measurement systems might lose their relevancy. For 
instance, the most recent variations of integrated performance measurement 
systems include, those that encompass environmental and social responsibility 
concerns (Liyanage and Kumar, 2002; Parida, 2006; Chenhall and Langfield-
smith, 2007).  
 
2.4.2 Use of maintenance performance indicators 
“Every firm, every activity, every worker needs metrics”, (Melnyk et al., 2004) 
 
To achieve an effective performance measurement, the involvement of every 
employee is a requirement. Employees are the individuals who operate the 
processes and who know the tasks best and as a result, getting them involved 
will not only result in commitment toward efficient performance measurement, 
but also influence the actual performance too (Sinclair and Zairi, 1996).  
Surprisingly, it is not a common procedure in research studies to survey 
practicing managers and employees in order to determine the measures they 
find useful in evaluating the departments of which they have control (Kenny 
and Dunk, 1989; Melnyk et al., 2004).  
In the manufacturing industry, most of the projects that have studied plant level 
performance measures have focused on the issues of which performance 
measures are of high importance to plant level managers and their perceptions 
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on whether improvement has been achieved on this measures (Dixon et al., 
1990; Vokurka and Fleindner, 1995; Evans, 2004). Additionally, the studies on 
performance measures have rarely or improperly considered the hierarchical 
aspect in the assessment of the use of performance measures whereas 
appropriately cascading down the performance measurement through the 
organisation is one of the main prerequisites of an effective performance 
measurement system as explained by Lynch and Cross (1995). The findings of 
the main studies on this issue are presented below. 
- Kenny and Dunk (1989) reported the result of a survey results on the 
usefulness of 42 measures of unit performance to 155 production managers 
from manufacturing organisations that each employed more than 100 persons. 
The respondents were generally on an organisational level about one below 
the CEO (CEO being level 1). The focus is put on functionally based elements 
with Variance between planned output and actual output, Machine output rates 
and Machine downtime being the top three performance measures in terms of 
usefulness.  
- Fry (1995) reported the results of a survey performed in eight Japanese 
plants. There were 13 respondents from top management, 119 respondents 
from middle management and 75 respondents from direct labors in that study. 
The respondents were asked to identify the performance criteria used by them 
and by their managers by which they assessed their work or were assessed. 
The employees were not surveyed on their actual use of performance 
measures. The study showed that generally top management reported profit 
and loss as their most important criteria, whereas middle level management 
and direct labor operators reported quality. 
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- Vora (1992) found out the extent to which top, middle and first management 
used productivity measures based on a survey of 333 manufacturing and 
services firms. The study is limited to some productivity ratios considering 
different inputs and outputs (sales, physical or financial as outputs – labor, 
energy, material and land as inputs). It was found that the usage rate of 
productivity measures decreases from top to first level management and that 
the pattern of usage differs greatly between the hierarchical levels - top 
management being focused on capital inputs and middle- and first-level 
management being focused on labor and material inputs.  It must be noted that 
the survey sample was limited to one respondent by organisation. They were 
asked to identify the measures of productivity and performance that were used 
at each of the three levels of management in their firm. This methodology does 
not truly reflect the actual use of the measures at each hierarchical level and 
adds a perception bias to the survey results due to the single respondent. 
More specifically focused on the performance measurement in the 
maintenance organisations, Garg and Desmukh (2006) have highlighted some 
major pitfalls of maintenance measurement. Whereas maintenance reporting 
was limited for a long time to a minimum (i.e. financial indicators) due to the 
complexity of the function, they noted that many data are currently available 
within the organisations but managers seldom receive the information they 
need. In addition, the performance indicators are not associated with the 
different stakeholders involved in the maintenance operations as engineers, 
top management or accountants (ibid.) since it is often a time-consuming task 
to extract useful information from all the data available within the organisation.  
 




2.5 Research gaps and formulation of the research questions 
The literature review permits identification of areas of interest in the 
maintenance performance literature.  
 
Recent changes in maintenance management 
The “business context” for the maintenance function in the industry has 
recently and strongly evolved with the consideration of additional performance 
perspectives. The literature survey has shown that it is of a crucial importance 
to adapt constantly the performance management to the evolution of the 
organisational context in order to keep a performance measurement system 
effective.  
Research Question 1: What are the current relevant dimensions and indicators 
in the performance measurement of the maintenance activities?  
 
Actual use of performance measurement 
As pointed out by Melnyk et al. (2004) and Gargeya (2005), few studies in 
operations management have focused on the actual use of metrics and none 
of them adequately addressed the hierarchical aspect. Additionally, Kadam 
and Fonseca (2009) noted that the O&G producers are only in the early stages 
of maturity of performance management and the effective use of an effective 
PMS remains a challenge for them while Garg and Desmukh (2006) noted that 
the performance indicators in the maintenance departments are usually not 
appropriately associated with the different stakeholders involved in the 
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maintenance operations as engineers, top management or accountants. 
Above all, in order to achieve an effective performance measurement, the 
involvement of every employee is a requirement but no studies have yet 
compared the perception of the different hierarchical groups of a maintenance 
organization. 
Research Question 2: Are there differences in the perception of the 
performance measurement between the maintenance hierarchical levels? 
 
To summarize, the previous points raise the following research questions: 
RQ 1: What are the relevant dimensions and indicators in the performance 
measurement of the maintenance activities?  
RQ 2: Are there differences in the perception of the performance measurement 
between the hierarchical levels? 
 
The benefits of this study can easily be identified as the following: 
The effective use of key performance measurement is a major factor leading to 
a high effective maintenance management (Cholasuke et al., 2004). 
Additionally, Murthy et al. (2002) quoting the World Mining Equipment report 
(1998) specifically pinpointed the considerable effect that an improvement in 
maintenance performance may have on profit, much more important than 
operation cost reduction or product price increase. By surveying the 
employees of the maintenance function, results will be given on the perception 
of the performance measurement system, which will allow the top 
management to get a better understanding of the lower managers’ perception 
and improve their involvement toward the relevant objectives. 





An overview of the research related to business and maintenance performance 
measurement is presented in this chapter. From the literature review, research 
gaps were identified and two research questions have been defined. 
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3 Methodology  
 
3.1 Introduction 
In this chapter, the research methodology is explained. Based on the research 
questions, the method is selected and presented: a survey methodology is 
adopted in order to study the performance measurement perception in a 
maintenance organisation from the upstream O&G industry. 
 
3.2 Research approach and methodology selection 
Business performance measurement and maintenance performance 
measurement have recently undergone some major changes, which are 
presented in Chapter 2. The first objective of this study is to capture the 
perception of employees of a maintenance department in the O&G industry in 
regard to these changes in order to identify a relevant set of dimensions and 
indicators in the management of maintenance operations. The study also aims 
at further investigating if the perception of performance measurement differs 
across the hierarchy.  
The study, therefore, has an exploratory and descriptive nature. In relation to 
these goals, a research methodology based on a survey is adopted. 
 
3.3 Sampling strategy 
 
3.3.1 Selection of the sampling method  
In their methodological study on the measurement of operations strategy, 
Boyer and Pagell (1999) state that studies with one respondent by 
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organization are easy to carry out but run a significant risk of bias, as operating 
decisions and their implementations are not decided by a single person but by 
a multiple of people at all levels of the organisation. Similarly, Gargeya (2005) 
noted in his study on the use of performance measures within a manufacturing 
plant that most of the previous works in the performance measurement field 
have improperly addressed the hierarchical perspectives by having only one 
respondent per organisation/unit surveyed: this approach assumes that the 
single respondent best represents the organisation/unit being surveyed. 
To alleviate these problems and limitations in operations management studies, 
Boyer and Pagell (1999) recommend that researchers employ multiple 
respondents at different levels to obtain a more holistic representation of the 
organisation and its priorities.  
Attempting to capture an accurate perception of performance measurement in 
the Oil & Gas necessitates gathering data from a significant number of 
respondents at the different hierarchical levels of an organisation to be 
representative: It has indeed been shown that every employee has a role to 
play in the performance measurement process (Sinclair and Zairi, 1996). To 
ensure an easy and wide access to the different components of the 
organisation, it was consequently decided to limit the sample to the 
maintenance employees at different hierarchical levels within a single 
organisation. 
In this project, a stratified purposive sampling procedure was selected (Patton, 
2002). This methodology, in which the aim is to select groups that display 
variation on a particular phenomena but each of which is fairly homogenous, 
allows illustration of the characteristics of particular subgroups of interest and 
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facilitates comparisons between the different groups (Trochim, 2006). 
 
3.3.2 Selection of the sample frame  
Based on the research questions, the main pre-requisites for selecting the 
organisation suitable for the survey were: 
- To be the operator of the production field i.e. having the entire control of the 
maintenance operations.  The organisation needs to be entirely in charge of 
the maintenance operations as it may exist joint operating agreements in the 
O&G industry - an agreement among working interest owners describing how 
the wells and the production equipment are to be operated. 
- To have a sufficient activity level / to be a large organisation to ensure that 
they have an “up-to-date” performance measurement system for maintenance 
operations and have a sufficient number of potential respondents.  
 
Alpha E&P (appendix A: organisation chart, appendix B: production processes) 
matched these two criteria. This affiliate of a French O&G major is the biggest 
producers of Gas in Indonesia2– having the required level of activity and size – 
and benefits from the knowledge sharing resources of a leading multinational 
O&G major – having the required level of interest and knowledge in the latest 
performance measurement developments. The last point has been confirmed 
during the study by the matching between maintenance indicators from the 
literature and from Alpha E&P (see 3.4). 
The use of these two criteria assured that the selected organisation was able 
                                            
2
 Alpha E&P supplies 80% of the gas of one of the biggest Liquefied Natural Gas plants in the 
world. 
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to offer a comprehensive view of the current maintenance measurement 
practices, which were in line with the objectives of the research project. 
 
Another criterion for the sample selection was convenience of access to the 
required research data and to the employees. Selecting a company that 
matched the above criteria would be useless if no access were granted to its 
organisational members and management.  Alpha E&P was interested in the 
research project as it was in line with its current activities: a project named 
“Business quality multi-layer improvement” started in 2007 aimed at cascading 
down throughout the overall organisation the key performance indicators 
relevant for each entity. The development process of the performance 
measurement system for the maintenance department was close to its end 
and the maintenance managers were interested in assessing the importance 
and the usefulness granted to the Key Performance Indicators and to the 
performance dimensions at the different hierarchical levels. The support of the 
Alpha E&P management and its interest in the research results ensured to 
have a satisfactory access to the different levels of the organisation and 
offered a unique possibility to obtain several original survey results.  
 
3.3.3 Respondents identification 
As explained in Chapter 2, organisations need to align their performance 
measurement system with their strategic goals and also to integrate it through 
its hierarchy (Lynch and Cross, 1995). During the survey preparation, it is thus 
crucial to precisely define and to identify the hierarchical levels in the 
maintenance organisation during the survey construction.  
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According to Arts et al. (1998), the hierarchy of a maintenance organisation 
may be broadly divided into three main levels - top management (strategic), 
middle management (tactical) and operational/ first management level. It can 
be noted that it is also linked to the time horizon of decisions at each level. 
- Strategy Planning is the level where decisions are taken to formulate 
the strategy of the organisation (Arts et al., 1998). For the maintenance 
function, the strategy is directly derived from the company strategy and 
the preferences of the production function. 
- Tactical control consists of all the decisions that have an influence on 
the policy to use the resources in an effective and efficient manner (Arts 
et al., 1998). It concerns the short-term allocation of maintenance 
capacity to maintenance demand and results in work orders (Gits, 1991). 
Maintenance operations are decided according to their urgency and the 
constraints from the production operations. 
- Operational control is the decision making process aimed at the 
effective and efficient execution of specific operations (Arts et al., 1998). 
Decisions concern, for instance, maintain now or later, maintain or 
replace, use contractors or work overtime.  
The respondent identification is a key step in the survey procedure (Forza, 
2002). Due to the functional specialization and hierarchical level in the 
organisation, some people are knowledgeable about certain facts while others 
know only about others. There is thus a real need to identify the appropriate 
informants according to the information required. A hierarchical categorization 
as per the definition from Arts et al. (1998) – operational / first level 
management, middle management, top management - has been performed 
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thanks to a close study of the position responsibilities within the organisation 
and validated by the Head of Maintenance. Top management has been 
identified as the decision makers for the maintenance strategy. Middle 
management corresponds to the employees in charge of the application of the 
maintenance strategy on production facilities. Employees associated with the 
operational / first management level are responsible of managing the day-to-
day maintenance activities in their disciplines and are mechanical, electrical, 
instrumentation or control systems supervisors. As all the respondents were 
professionally positioned at management level, certain accuracy is the data 
collected was assured (Miller and Roth, 1994). 














Table 3.1: Survey sample composition 












3 Manage operation of all 
facilities of the production field 
under his responsibility 
Site managers 
 
6 Manage and control activities 
in fields to achieve the safe 




1 Creates maintenance policies 
and procedures and provide 
support for the safe and 





4 Responsible to elaborate / 
optimize maintenance 
methodology, procedures and 
planning, resources availability 







Manage all maintenance works 
in a safe, reliable and effective 
way based on the 






10 Assist production and 
maintenance teams to 
organize work according to the 








20 Under supervision of 
maintenance superintendent, 
responsible for supervising his 
subordinates in performing all 
aspects of maintenance 
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3.4 Construction of the survey questionnaire 
The construction of the survey questionnaire is based on a comparison 
between data collected within Alpha E&P and inputs from the literature review. 
 
3.4.1 Constructs identification 
The construction of the questionnaire has been performed through an analysis 
of the performance measurement in place in Alpha E&P and inputs from the 
literature.  
 
Maintenance performance indicators from Alpha E&P 
The indicators identified as being in use in ALPHA E&P are referenced in the 
following tables and presented with their definitions (Tables 3.2, 3.3, 3.4, 3.5 
and 3.6).  
Various data sources were used for the identification of the Alpha E&P Key 
Performance Indicators. They are either taken from the “Company Rules” or 
the “General Manual” which notably present the corporate guidelines for the 
performance reporting between the affiliates and the Headquarters in France 
or directly from internal reporting documents gathered during interviews and 
meetings with maintenance employees.  
Each table corresponds to one of the performance dimensions identified during 
the literature review. The upper level indicators are presented in the left 
column and the breakdown structure is presented along with the definition 
(some indicators may be an aggregation of indicators at a lower level). 
After an identification and elimination of the redundant indicators, the 
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researcher came up with a list of 80 performance indicators. 
 
Comparison with maintenance performance indicators from the literature 
The KPIs having the same or close definitions identified in the maintenance 
management literature reviewed in Chapter 2 were added to the tables. By 
comparing the KPIs identified in the performance measurement process of 
Alpha E&P and the maintenance performance indicators available in the 
literature (De Groote, 1995; Coetzee, 1998; Parida and Chattopadhyay, 2007; 
Smith and Mobley, 2007), it was found that the company had a wide 
measurement scope integrating all the up-to-date knowledge about the 
maintenance performance indicators relevant to the O&G business. For this 
reason, the survey was limited to the internal performance indicators. 
This was also beneficial for the reliability of the survey results as it ensured a 
good understanding of the entire questionnaire by the respondents. 
 
3.4.2 Questionnaire structure 
The survey is divided into four parts and is presented in appendix C. It covers 
all the aspects required to answer to the research questions. 
- The first part aims at gathering the basic information related to the 
respondents’ personal data - age, hierarchical position, experience in 
maintenance, and experience in the O&G industry. 
- The second part of the questionnaire aims at capturing the perception of 
employees concerning the importance of the maintenance performance 
dimensions that were identified in the literature r
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the preliminary interviews and the internal documents analysis. A classical 
procedure in this type of research was used for the rating of the dimensions: a 
five-point Likert scale with 1- “Being not important at all” to 5 – “Important to a 
very great extent”  
- In the third part, the respondents are asked to rate the listed indicators 
identified in the corporate documents according to their usefulness in their 
activity using a five-point Likert scale with 1- “Not at all useful” and 5- “Useful 
to a very great extent”. 
- The last part of the questionnaire consists of an open-ended question where 
respondents were asked to add some specific remarks related to the 
performance measurement system in place.  
 
3.4.3 Pilot testing 
According to Forza (2002), the researcher has to test the survey that has been 
designed. Pre-testing a questionnaire can be achieved by submitting the 
questionnaire to three types of people:  
-Colleagues: to test whether the questionnaire accomplishes the study 
objectives 
-Industry experts: to prevent the inclusion of some obvious questions 
-Target respondents: to provide a feedback on everything than can affect 
answering by and the answer of the targeted respondents. 
It was asked in the sample test if the instructions and the questions were clear, 
if there was any understanding problem and if the administration procedure 
would be effective.  
The results of the pilot testing with three target respondents, two colleagues 
National University of Singapore  Thierry Ethevenin 
 
36 36 
and one industry experts (the Head of Maintenance department) lead to a few 
wording modifications to ensure a better understanding of the indicators and 
the instructions. No other feedback was made and the survey was considered 






Table 3.2: Cost indicators 
(source: author) 
Indicators Definitions / Ratios Literature 
Overall cost of 
maintenance 
Overall expense of the maintenance department 
It can be divided between 
Direct cost of maintenance (manpower, spare parts and external services) 
/ General Support / Supervision / HSE 
 
The direct cost of maintenance may also be divided by type of 
maintenance: 
Preventive maintenance and Preventive on Condition / Breakdown 
(corrective maintenance) / Others (Modifications, Production related…) 
Or by maintenance trade: 
Mechanics / Instrumentations / Control System / Electric 
 
Ratio: Cost of Preventive maintenance versus preventive and corrective 
maintenance 
 
The spare costs may be divided between: 
Cost of spare parts from the stock / Cost of spare parts from direct 
purchase 
Total Maintenance cost (Coetzee, 1998) 
Total direct maintenance cost (Coetzee, 
1998) 
Direct cost of maintenance - manpower, 
materials, subcontracted work, overhead 
(De Groote, 1995) 
Maintenance cost (Smith and Mobley, 
2007; Parida and Chattopadhyay, 2007)) 




Cost of breakdown (Coetzee, 1998) 
 
 
Spare parts: Store issues and direct 
purchase (De Groote, 1995) 
Operations costs Cost of the work orders 
 
Ratio: The overall work order on a equipment can be compared to the cost 
of the equipment 
Cost of breakdown (Coetzee, 1998) 
 
Asset value of equipment (Smith and 
Mobley, 2007) 
Unit cost Overall cost of maintenance divided by the production - in Barrel Oil 
equivalent per Day (BOEPD) - with a conversion for Gas 
Direct cost of maintenance divided by value 
of production (De Groote, 1995) 
Maintenance cost / Unit Output (Smith and 
Mobley, 2007) 
Maintenance cost / Unit (Parida and 
Chattopadhyay, 2007) 











Ability of an item to be in a state so that it performs a required function, at 
a given instant or within a given lapse of time, assuming the availability of 
all necessary means. 
It is constructed as a ratio of the running time and the “available but not 
required” time on the total time  
Is can also be defined as the mean time between failure  (MTBF) versus 
meantime between failure and mean time to repair (MTBT + MTTR) 
Availability (De Groote, 1995) 
(Parida and Chattopadhyay, 2007) 
Total production time (Coetzee, 1998) 
 
 
MTBF (Smith and Mobley, 2007) 
MTTR (Parida and Chattopadhyay, 2007) 
Reliability Ability of an item to perform required function within a given lapse of time 
with given conditions 
It is constructed as a ratio of the running time, the “available but not 
required” time and the Scheduled downtime on the total time 
(De Groote, 1995) 
 
Shutdown Number of stoppage of a production equipment Number of production stops (De Groote) 
Failure frequency (Smith and Mobley, 2007) 
Number of breakdowns (Coetzee, 1998) 
Number of small and big stoppages (Parida 
and Chattopadhyay, 2007) 
Shortfalls  
 
Based on established potential of production, any volume of hydrocarbon 
not produced due to any reason 
It can be divided between: 
Planned shortfalls due to maintenance / Planned shortfalls due to 
inspection / Unplanned shortfalls related to production equipments 
 
 
Cost of lost production (Coetzee, 1998) 
Number of downtime hours for planned / 
unplanned maintenance (De Groote, 1995) 
Unscheduled maintenance related 
downtime 
Scheduled maintenance related downtime 
(Smith and Mobley, 2007) 
Downtime (Coetzee, 1998) 
Cost of lost production (Coetzee, 1998) 
Down-time for the number of small and big 







Table 3.4: Task efficiency indicators 
(source: author) 
Indicators Definitions / Ratios Literature 
Maintenance available 
hours 
Number of Man-Hours available for maintenance related work  
Maintenance achieved 
hours 
Number of man-hours achieved on maintenance tasks 
It can be broken-down by maintenance trade 
 
Ratio: Work realization versus capacity 
Time actually worked on maintenance work 
(De Groote, 1995) 
 
Time spend on tasks (Coetzee, 1998) 
 
Planned / Unplanned maintenance tasks 
(Parida and Chattopadhyay, 2007) 
Reported hours Number of reported hours to be compared to maintenance available hours  
Work order completed  Average number of days by work orders 
Average number of days of preparation of work orders 
Number of tasks completed (Coetzee, 
1998) 
Average number of days 
work order preparation / 
work order closed 
-Number of days in average to complete a work order 
-Number of days in average to prepare the work order (between Work 
order released and work started) 
 
Ratio: Work orders completed compared to work order planned 
Percentage of work request remaining 
“request” status for less than 5 days, over 
the specific time period (Smith and Mobley, 
2007) 
Percentage of work orders, over the 
specified time period, with all planning fields 
completed (Smith and Mobley, 2007) 
Percentage of work orders completed 
during the schedule period before the late 




Number of overtime hours  
Ratio of reported hours 
versus available hours 
 
Ratios indicating the efficiency of manpower time reporting 
Ratio of active hours (operations and preparation) versus total reported 
hours 
Clocked time (Coetzee, 1998) 







Indicators Definitions / Ratios Literature 
Maintenance achieved 
hours 
Number of man-hours achieved on maintenance tasks 
It can be divided by maintenance type  
Preventive maintenance / Corrective maintenance / Breakdown 
maintenance 
 
Ratios:   
Preventive Maintenance versus Total Maintenance Hours / Preventive 




Number of man hours for troubleshooting - 
unplanned maintenance versus man hours 
for planned maintenance (De Groote, 1995) 
 
Time spend on scheduled tasks (Coetzee, 
1998) 
Time spent on breakdown (Coetzee, 1998) 
 
Percentage of available work hours used 
for pro-active works (preventive) over a 
specified period of time (Smith and Mobley, 
2007) 
Maintenance over time 
hours 
Number of overtime hours in maintenance department  
Work order status 
 
Number of work orders by status. 
More specifically: 
- Number of worker orders by priority 
- Number of Work orders awaiting material 
- Work orders backlog by type of causes 
 
Percentage of work orders assigned delay 
status due to unavailability of manpower, 
equipment, space or services over the 
specified time period (Smith and Mobley, 
2007) 
 
Percentage of work orders assigned “delay” 
status due to unavailability of manpower, 
equipment, space or services over the 




Indicators (continued) Definitions / Ratios Literature 






It is the total hours outstanding at a given date D, (estimated hours minus 
recorded hours) on all Work Orders still ongoing at this date with a 
scheduled end date, at the time they were approved that is prior to date D.  
It represents the workload, which should have already been performed.  
 
Many indicators can be derived on maintenance backlog 
Backlog by Trade 
Mechanics / Electrical / Instrumentation  / Control systems 
Backlog by work order priority 
Immediate / Under two weeks /etc 
 
They may be expressed in man-days or in number of work orders. 
specified time period having a scheduled 
date earlier or equal to the late finish or 
required date (Smith and Mobley, 2007) 
 
Number of tasks overdue (Coetzee, 1998) 
Maintenance scheduled 
hours 
Number of hours corresponding to scheduled works. 
It is an indicator of the workload for the coming period 
 
Ratio:  
Preventive and corrective maintenance versus total scheduled 
maintenance hours 
Scheduled hours versus maintenance hours availability 
 
Percentage of scheduled available work 
hours to total available work hours over the 
specified time period (Smith and Mobley, 
2007) 
 
Time allowed on tasks (Coetzee, 1998) 
Time planned for scheduled tasks 
(Coetzee, 1998) 
Number of new 
notifications  
Number of new requests of work to be achieved by maintenance 
department 
Number of rejected notifications 
Number not yet processes notifications 
Number of new work orders 
By maintenance type / By trade 
 
These indicators allow to follow the efficiency of the planning construction  
Percentage of new work orders (Smith and 
Mobley, 2007) 
 
Number of tasks received (Coetzee, 1998) 
 
Indicators (continued) Definitions / Ratios Literature 
Spare parts with no stock 
on Hand 
This is the number of stock references for which the stock is zero. 
Indicators are derived from this number: 
Insurance spare (material which has unpredictable consumption with high 







Spare parts urgently required on site 
Latency by item in stock shortage 
 
Ratio:  














Table 3.6: Learning and improvement indicators 
(source: author) 
Indicators Definitions / Ratios Literature 
Technical training for 
maintenance completion  
Percentage of training technical courses completed versus annual 
program 
Number of training programs conducted by 
year (Parida and Chattopadhyay, 2007) 
Number of improvements 
initiatives performed 
Achievement of improvements action plan Number of asset reliability improvement 
actions initiated by the performance 
analysis function over the specified time 
period (Smith and Mobley, 2007) 
 
Number of new ideas generated (Parida 
and Chattopadhyay, 2007) 
Audit action clearance Percentage of actions required after audits cleared Number of equipment reliability 
improvement actions resolved over the 
specified time period (Smith and Mobley, 
2007) 
Availability of critical 
operation guidance 
Percentage of identified critical operations covered by a operation guide 
(standing instruction)  
 














Indicators Definitions / Ratios Literature 
Total recordable injury Total recordable injury with the following classification: 
Restricted workday case (Any work-related injury, other than a Fatality or 
Lost Time Injury, which results in a person being medically unfit for full 
performance of the regular job on any day after the occupational injury). 
Medical treatment case / First aid case  
Lost time injury frequency (Any occupational injury, other than a fatal 
injury, which results in a person being medically unfit for work on any day 
after the day of occurrence of the occupational injury) 
Number of accidents / incidents (Parida and 
Chattopadhyay, 2007) 
 
High potential incident Number of incidents, accidents and near misses with a real or potential 
severity > 4/5 (internal scale) 
 
Anomalies reported Number of unsafe acts or unsafe situations reported by millions man 
hours  
 
Formal complaints and 
fines 
Number of formal recorded complaints by members of the public or 
authorities (including prosecutions, fines, non-compliances). 
Number of legal cases / HSSE complaints 
(Parida and Chattopadhyay, 2007) 
Environmental damage 
incidents 
Number of environmental incidents such as of unplanned hydrocarbon 




Percentage of completion of the improvements actions HSE meeting held 
/ HSE audits completed / Boards of Enquiry   
 / Site HSE tours / Safety talks / Root cause analysis / Emergency drills  
 
Vital safety equipment 
backlog  
Backlog in Work orders number on vital safety equipment 
Pressure safety valve / Emergency shutdown system / Fire and Gas 
detection system / Fire water pump / Other safety equipment 
 
Safety report  Number of safety report  
Medical check-up Percentage of completion of the medical check-up plan  
HSE training completion Percentage of completion of the HSE training plan by maintenance 
employees 
 




3.5 Data collection and analyses  
The selection of data collection methods derives from the objectives of the 
research and also from the practical possibilities available to the researcher. In 
this project, the survey of the maintenance employees constitutes the main 
source of data. Additional sources of data included: focused interviews of 
maintenance managers and employees, direct observations and company 
documents.  
 
3.5.1 Survey data collection   
Questionnaires can be administered personally, by phone or mailed to the 
respondents. Decisions on the choice of the data collection method should be 
made based on the needs of the specific survey as well as time, cost and 
resources constraints (Forza, 2002). 
- Mail survey refers to mailing the questionnaire to predetermined respondents 
with a covering letter. This form of survey is necessary if there are many 
samples, especially if they are spread widely around a geographic area. It 
allows one to easily, at a relatively low cost, obtain a large sample with wide 
location coverage. Furthermore, it allows respondents to complete the 
questionnaire at their own pace and also reduce the interviewer bias. 
Arguments against this method include the need for a very simple 
questionnaire, possible biased responses, and low response rate.  
- Telephone survey is a low-cost form of personal interview that can be used to 
obtain information quickly. If the sample size is small, this is a fairly practical 
way to collect data. It is a good compromise in that it combines personal 
contact with low cost and wide coverage but it is time-consuming, provides 




less control over the interview situation and less credibility.  
- Personal interview requires a face-to-face conversation between the 
interviewer and the respondent. In a long interview it is possible to probe 
complex issues that can be carried out in a relaxed atmosphere developed by 
the interviewer. This should ensure a good quality response. Arguments 
against this approach include the high amount of time and cost involved. There 
is also the possibility of interviewer bias, less anonymity and the difficulty in 
targeting users.  
Since the respondents were situated in six different geographical locations 
accessible only by boat or helicopter and that a large number of respondents 
were targeted, it was decided to create an electronic version of the survey 
accessible on the corporate intranet by all the respondents. Cover e-mails, 
asking to cooperate with the researcher and to respond to the questionnaire, 
were sent to the selected employees by the Head of maintenance. To increase 
the response rate, a reminder was sent to the non-respondents after 10 days. 
 
3.5.2 Additional sources of data  
 
Focused Interviews 
Interviews with the management were performed during the research process 
and after the survey distribution. The interviews, lasting for a short period of 
time, were open-ended and assumed a conversational manner. They were 
useful to corroborate certain facts and conclusions made after the analysis of 
the respondents’ answers. 
 





Supplementing semi-structured interviews, direct observations were used as 
an additional data collection method. Visits on the production sites allowed for 
getting a better understanding of the maintenance processes and their related 
constraints.  
 
3.5.3 Data analysis 
Data gathered from the survey was stored and analyzed using a statistical 
package named SPSS 17.0. The possibility to obtain both qualitative and 
quantitative data was used to interpret the results of the questionnaire. Some 
follow-up interviews were performed across the maintenance hierarchy to 
provide interpretations of the statistical results of the survey. 
 
3.6 Research implementation 
The study follows a method where the process is sequential. The first part of 
the study is a discovery stage where the key variables i.e. performance 
dimensions and performance indicators are identified through a literature 
review, the content analysis of relevant corporate documents and interviews. 
This leads to the development of a quantitative instrumentation in the form of a 
survey sent to the maintenance employees. It is then concluded by the 
statistical analysis of the survey results and the discussions of the research 
findings. The scheme is presented in figure 3.1. 
 
 









Literature review on business and maintenance performance 
measurement 
 
Initial data collection 
 





Creation of the survey based on qualitative data (Performance 
dimensions and Key Performance Indicators) 
Quantitative analysis 
 






Limitations and further research 
 
 
Figure 3.1: Research implementation scheme 
 
 




3.7 Research relevance 
Thomas and Tymon (1982) address the issue of the practical relevance of the 
research findings. Five criteria that research should meet are namely: 
descriptive relevance, goal relevance, timeliness, operational validity and non-
obviousness.  
- Descriptive relevance, i.e. the degree to which the issue addressed 
constitutes a real problem for the practitioners. The literature review indicates 
some gaps in this area of maintenance performance measurement (Garg and 
Desmukh, 2006) and underlines the current lack of experience in this subject 
of the O&G companies (Kadam and Fonseca, 2009). 
- Goal relevance, i.e. whether the output of the research is related to the 
objective function of organisations. The output of the survey has very much 
interested the maintenance managers on site and the results have been 
distributed through the maintenance department. 
- Timeliness, i.e. whether the phenomena changes so fast that the research 
cannot “catch it” in time. O&G industry is technological intensive industry, 
which encounters numerous technology evolutions at a rapid pace. 
Nevertheless, the general principle of production and maintenance remain the 
same, guaranteeing the timeliness of the study. 
- Operational validity, i.e. whether the results of the research can be 
implemented by manipulating causal variables. By studying the perception of 
practitioners about the performance measurement (dimensions and 
indicators), the operational validity is guaranteed. 
- Non-obviousness, i.e. whether the research reinvents the wheel or not. The 
research offers an insight in the actual use of measurement by maintenance 




employees at different level of a maintenance organisation. This subject has 
not been addressed in the literature yet guaranteeing its non-obviousness. 
 
3.8  Conclusion 
The chapter permitted to select the most appropriate methodology to answer 
the research questions:  a study based on questionnaire instrumentation and 
supported by additional qualitative data. The sequential stages of the research 
were presented and were described. 




4 Presentation of the survey results  
 
4.1 Introduction 
Due to the survey, information on the perception and the use of performance 
measurement within the maintenance organisation was obtained. 
First, the results are discussed to address the question of the relevant 
performance dimensions and indicators at the maintenance department level. 
Secondly, analyses are performed to compare the mean rating scores 
between the selected groups of employees to tackle the hierarchical aspect of 
performance measurement. 
 
4.2 Backgrounds of the respondents 
In an attempt to obtain an adequate sampling of the maintenance hierarchy 
among the organisation, a total of 53 maintenance employees and managers 
were surveyed. The endorsement of the hierarchy in the survey resulted in a 
high response rate of 60% corresponding to 32 completed surveys. This is 
considered as satisfactory in the operations management literature (Flynn et 
al., 1990). 
As shown in table 4.1 ‘Management levels of respondents’, the distribution of 
responses provides a good overview of the different management levels 
identified in the maintenance organisation. Of the 32 responses received, 18 
(56%) were from operational level employees, 7 (22%) were from middle 
management and the remaining respondents (22%) belong to the top 
management. 












It must also be noted that respondents have
experience both in the fields of O&G production and maintenance as shown in 
the following tables. 75% of the respondents have an experience in O&G 
production greater than or equal to 11 years
have also an experience in the maintenance area greater than or equal to 11 
years (Figure 4.2). The high experience of the respondents in
and in this industry ensures a certain accuracy of the questionnaire results.
Figure 4.1: Respondents’ e
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Figure 4.2: Respondents’ e
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4.3  Maintenance performance perception at the department level 
 
4.3.1 Importance of the performance dimensions  
The mean for each performance dimension importance have been computed 
and are presented in figure 4.3. 
 
 
Figure 4.3: Importance of the performance dimensions  
 
 
Altogether, the employees of the maintenance function confirm that all the 
dimensions identified in the literature are relevant for the performance 
measurement of the maintenance function. All the dimensions are deemed at 
least as ‘important’ for the performance of the department since their t values 
are greater than t(31,0.05)= 2,0395 (table 4.2). (mean importance compared in a 
student test to the value 3 – Important). 
 
 























Test value = 3 
Mean Std. Deviation t 
Cost Efficiency 3.53 .915 3.283 
Machine Efficiency 4.13 .942 6.757 
Task Efficiency 3.68 .832 4.532 
Organisation Efficiency 3.75 .950 4.464 
Learning and Improvement 3.97 .933 5.875 
Health and Safety 4.22 1.099 6.271 
Environment 3.88 1.100 4.500 
 
 
It must be noted that the cost dimension obtained an overall low ranking by the 
maintenance employees. On the contrary, they granted a high importance to 
the dimensions ‘Machine efficiency’ and ‘Health & Safety’, which appear as the 
top two priorities. These findings will be discussed below. 
 
4.3.2 Performance dimensions correlation 
Correlation tests were performed to examine more precisely how the different 
performance dimensions associate with each other. 
 
Internal reliability of the dimensions 
Because intercorrelations among test items are maximized when all items 
measure the same construct, Cronbach's alpha indirectly indicates the degree 
to which a set of items measures a single one-dimensional latent construct. 
Thus, alpha is most appropriately used when the items measure different 
substantive areas within a single construct. Internal reliability analysis 
produced a Cronbach’s alpha value of 0.89, which exceed the threshold value 
of 0.60 recommended by Nunnaly (1978). This high value confirmed the 
internal consistency reliability of performance dimensions set (Santos, 1999), 
which represents the overall performance of maintenance department. 





Correlation between the dimensions 
All the dimensions are significantly and strongly correlated with each other 
except in a few instances for Health and Safety and Environment, which do not 
correlate with some of the other dimensions e.g. Machine efficiency or 
organisation efficiency (Table 4.3).  
 
Table 4.3: Pearson Correlation matrix between the performance 
dimensions 
  
D1 D2 D3 D4 D5 D6 D7 
Cost 1       
Machine 
efficiency 
,519** 1      
Task 
efficiency 
,483** ,626** 1     
Organisation 
efficiency 
,566** ,721** ,599** 1    
Learning and 
improvement 
,662** ,555** ,451* ,682** 1   
Health and 
Safety 
,554** .315 ,395* ,394* ,668** 1  
Environment ,581** .234 ,525** .339 ,562** ,877** 1 
Note:  
D1: Cost; D2: Machine efficiency; D3: Task efficiency; D4: Organization efficiency; D5: 
Learning & Improvement; D6: Health & Safety; D7: Environment 
 
 
Health & safety and Environment are the “newly integrated” dimensions for the 
evaluation of the maintenance performance, which correspond to the social 
and environmental perspectives presented by Liyanage  (2007). They are not 
directly related to the core operational objective of the maintenance function – 
machine / production equipment efficiency. Nevertheless, it must be noted that 
these two new dimensions are significantly related to the cost perspective, 




which show that the financial consequences of a low performance in these 
areas are recognised by the employees of the maintenance department. 
Strong correlation between the various dimensions of performance may imply 
that they are similar to each other i.e. that they overlap each other and could 
be reduced using factor analysis. However, it is clear that the identified 
dimensions are not only interrelated but also logically interconnected. For 
instance, high performance in machine efficiency cannot be attained without 
the proper achievement of maintenance tasks. Similarly, good performance in 
Health and Safety is strongly related to the Learning and Improvement 
dimension.  
This analysis of correlation confirms that the dimensions identified in the 
literature should be viewed as various aspects of the maintenance 
performance:  they represent, thus, a consistent set for its measurement. 
 
4.3.3 Key performance indicators usefulness 
The usefulness of the performance indicators are first analysed by rank 
ordering. The significant trends that are identified by this method are then 
statistically tested through student t-tests. 
 
Ranking of the performance indicators 
The usefulness of the indicators for the maintenance employees has been 
assessed through the survey. The results are presented by rank order in the 
following tables (Table 4.4, 4.5, 4.6 and 4.7). 
 




Table 4.4: Usefulness of performance indicators (ranks 1-19) 
Key Performance Indicators Type Mean Std. 
Deviation 
Ranking 
Spare parts with stock on hand = 0 - 
Urgently required by site 
Organisation 4,32 ,653 1 
Production Equipment Reliability Machine 
efficiency 
4,31 ,821 2 
Technical training completion Learning & 
Improvement 
4,23 ,728 3 
Production Equipment Availability Machine 
efficiency 
4,19 ,859 4 
Environmental damage incidents HSE 4,17 ,699 5 
Downgraded situation HSE 4,16 ,779 6 
Anomalies HSE 4,14 ,639 7 
Availability of critical operation guidance Learning & 
Improvement 
4,13 ,730 8 
Vital safety equipment backlog HSE 4,13 ,885 9 
Fatalities HSE 4,10 ,885 10 
High potential incident frequency HSE 4,07 ,828 11 
Medical check-up completion HSE 4,03 ,657 12 
Total recordable injury frequency HSE 4,00 ,871 13 
Lost time injury frequency HSE 4,00 ,926 14 
Spare parts with stock on hand = 0 Organisation 3,97 ,912 15 
HSE training completion HSE 3,94 ,814 16 
Insurance spare parts without stock Organisation 3,90 ,960 17 
Scheduled hours versus availability Organisation 3,90 ,759 18 
Work orders by priority Organisation 3,88 ,660 19 
 
 
While the top four measures in table 4.4 are directly related to the 
maintenance operations (Production equipment availability and reliability, 
Spare parts required and Training completion), the next ten performance 
indicators are almost exclusively related to the Health, Safety & Environment 
dimension. 
Table 4.5: Usefulness of performance indicators (ranks 20-39) 




Key Performance Indicators Dimension Mean Std. 
Deviation 
Ranking 




3,87 ,718 20 
Restricted work day case frequency HSE 3,87 ,860 21 
Number of Safety reports HSE 3,87 ,819 22 
Repetitive Shutdown Machine 
efficiency 
3,84 1,167 23 
Cost of spare parts Cost 3,83 ,913 24 
Maintenance scheduled hours Organisation 
efficiency 
3,83 ,699 25 
Maintenance achieved hours Task 
efficiency 
3,81 ,859 26 




3,81 ,998 27 
Ratio Achieved Preventive + Preventive 




3,81 ,859 28 
Overall improvements actions Learning & 
Improvement 
3,77 ,920 29 




3,75 ,984 30 
Work orders by status  Task 
efficiency 
3,75 ,984 31 
Cost of Manpower Cost 3,73 1,172 32 
Technical talks Learning & 
Improvement 
3,72 ,797 33 




3,72 1,023 34 
Maintenance available hours Task 
efficiency 
3,69 ,859 35 
Direct cost of Maintenance Cost 3,67 ,922 36 
Mean time to repair Machine 
efficiency 
3,66 ,827 37 




3,66 ,897 38 
Maintenance backlog Organisation 
efficiency 







Table 4.6: Usefulness of performance indicators (ranks 40-59) 





Key Performance Indicators 
Dimension Mean Std. 
Deviation 
Ranking 
Ratio Cost of preventive maintenance 
versus cost of preventive and corrective 
maintenance 
Cost 3,64 ,989 40 
Overall maintenance cost Cost 3,63 1,098 41 
Audit action clearance Learning & 
Improvement 
3,61 ,803 42 
Formal complaints and fines HSE 3,60 ,675 43 
Achieved Hours by Disciplines Task 
efficiency 
3,59 ,875 44 
Ratio achieved hours versus availability Task 
efficiency 
3,59 ,911 45 
Backlog of work order by type of causes Organisation 
efficiency 
3,59 ,983 46 
Ratio Cost of work order versus total 
cost of the equipment 
Cost 3,57 ,959 47 
Maintenance cost by trade Cost 3,57 1,006 48 
Ratio Achieved Preventive maintenance 
versus achieved maintenance hours 
Task 
efficiency 
3,56 ,982 49 
Achieved Hours by type Task 
efficiency 
3,56 ,914 50 
Maintenance cost by type Cost 3,55 ,910 51 
Backlog days by priority Organisation 
efficiency 
3,53 ,803 52 
Mean time between failure Machine 
efficiency 
3,50 ,916 53 
Cost of external service companies Cost 3,50 ,974 54 
Reported hours versus available hours Task 
efficiency 
3,50 ,950 55 
Ratio Number of items with stock 




3,48 ,949 56 
Ratio work orders completed versus 
work order planned 
Task 
efficiency 
3,47 ,803 57 
Ratio maintenance cost by maintenance 
complexity 
Cost 3,46 1,036 58 
Ratio Cost of spare parts direct 
purchase/from stock versus total spare 
parts costs 
Cost 3,46 ,922 59 
 
 
In the tables above and below (Table 4.6 and 4.7), it must be noticed that the 
cost indicators represent a large part of the less useful indicators. 
 
Table 4.7: Usefulness of performance indicators (ranks 60-80) 




Key Performance Indicators Dimension Mean Std. 
Deviation 
Ranking 
Ratio Number of items with stock 




3,45 ,985 60 




3,42 ,886 61 




3,40 ,855 62 
Budget versus actual cost Cost 3,40 1,102 63 
Number of new notifications Organisation 
efficiency 
3,38 ,820 64 
Maintenance Overtime Task 
efficiency 
3,38 ,907 65 
Number of work order created by type Organisation 
efficiency 
3,37 ,850 66 
Unit cost Cost 3,37 1,098 67 
Cost of HSE Cost 3,37 1,033 68 
Cost of General Support Cost 3,37 ,890 69 
Backlog days by trade Organisation 3,34 ,827 70 
Average number of days of preparation 
of work orders 
Task 3,31 ,859 71 
Cost of Supervision Cost 3,28 ,960 72 
Backlog of work order preparation Organisation 3,26 ,944 73 
Average number of days of completion 
of work orders 
Task 3,25 ,842 74 
Backlog days by type Organisation 3,25 ,762 75 
Ratio inspection cost by inspection 
complexity 
Cost 3,25 1,005 76 
Cost of inspection by type of equipment Cost 3,23 ,935 77 
Backlog by work orders status Organisation 3,19 ,738 78 
Number of not yet processed 
notifications 
Organisation 3,00 ,947 79 
Number of rejected notifications Organisation 2,90 ,885 80 
 
Usefulness of financial indicators 
Non-financial performance measures have attained greater prominence since 
the “performance revolution” occurred (Neely et al., 2002) and our findings 
reveal that such measures are more useful for the maintenance employees 
than financial measures. 
 
 
Table 4.8: Student t-test for Cost / Non Cost Indicators  









Cost Indicators 18 3,4937 ,17025 -3,797 ,0004* 
Non Cost Indicators 62 3,7119 ,32372   
*. The mean difference is significant at the 0.05 level. 
 
 
A statistically significant difference exists when comparing the usefulness of 
the KPIs in the cost dimension with the mean of other measures through a 
student t-test (Table 4.8). Less importance is given to the indicators related to 
the cost / financial performance than to the non-financial KPIs. As put by a 
manager on a production site:  
The maintenance function “cannot be managed by cost. Of course, we 
have to evaluate the cost [of the operations] but it is something already 
there.” 
This is in line with the trend identified in the literature review about the 
perception of the maintenance function: it is now rather viewed as a driver of 
the performance than an expense account. This point is confirmed by the head 
of maintenance, who explains the rather low importance of the cost dimension: 
“The production shortfalls have an infinitely more financially significant 
impact than the direct cost of maintenance. It is thus obvious to know 
where we should focus our attention” 
 
Usefulness of HSE indicators 
It is also noticeable that the indicators in the Health, Safety and Environment 
dimensions have gained weight within the performance measurement of 
maintenance operations. 





Table 4.9: Student t-test for HSE / Non HSE indicators 





Non HSE Indicators 66 3,5938 ,28815 -4,939 ,0000* 
HSE Indicators 14 3,9883 ,16496   
*. The mean difference is significant at the 0.05 level 
 
The t-test for equality of means (Table 4.9) shows that the measures of HSE 
are significantly more important for the maintenance employees than the other 
measures.  
The Health & Safety and Environment dimensions are thus to be fully taken 
into account by the maintenance managers for the evaluation of performance 
of their department. 
 
4.3.4 Conclusion 
The catalog of dimensions that was identified through the literature review 
appears as relevant for the measurement of the maintenance performance in 
the upstream O&G industry.  
All maintenance managers are conscious of the traditional performance 
measurement of their organisation based on the cost / organisation-task 
efficiency / machine efficiency criteria. However, the results show that they are 
thinking beyond these dimensions. The Health & safety, Learning & 
Improvement and Environment aspects appear, indeed, in the top priority list of 
the managers and are clearly related to the other performance traditional 
maintenance dimensions. 




Finally, it appears that cost is perceived as the less important dimension for 
the managers. It is consistent with the average low perceived usefulness of the 
indicators under this dimension. This finding provides some additional 
evidence that maintenance is no more viewed as a cost centre and should be 
mostly evaluated based on non-financial criteria. 




4.4  Performance measurement perception at the hierarchical level 
The aim of this part is to study the differences and the similarities in the 
perception of the performance measurement across the hierarchy of the 
maintenance department. The analyses of the survey data regarding the 
research question 2 include both rank ordering and ANOVA for the 
performance dimensions and are based on ANOVA for the performance 
indicators.  
 
4.4.1 Ranking of the performance dimensions 
To evaluate and compare the perception of the performance dimensions 
between the employees, the ranking of the performance dimensions is 
obtained by computing the mean for the separate hierarchical groups (Table 
4.10).  
 
Table 4.10: Mean importance and ranking of the performance dimensions 
 Top Management Middle Management Operational 
  Mean Rank Mean Rank Mean Rank 
Cost Efficiency 4.29 4 3.86 3 3.11 7 
Machine Efficiency 4.86 1 4.29 1 3.78 3 
Task Efficiency 4.14 6 3.86 3 3.41 6 
Organisation 
Efficiency 
4.43 2 3.71 7 3.50 5 
Learning and 
Improvement 
4.43 2 3.86 3 3.83 2 
Health and Safety 4.29 5 4.29 1 4.17 1 
Environment 4.14 6 3.86 6 3.78 3 
 
‘Machine efficiency’ is high on the agenda of all the hierarchical groups. This 
result is quite logical, as it constitutes the core mission of the maintenance 
function. ‘Learning and improvement’ appears also to be a major concern for 
all the members of the organisation. The development of the skills and 




competences is indeed a priority in these highly technical activities at all 
managerial levels. It is clearly emphasized in the maintenance policy of Alpha 
E&P: each employee is supposed “to receive training and be competent in all 
areas of activity specific to the requirements of its job.” 
However, there are some noticeable differences in the rankings by importance 
of the performance dimensions across the hierarchical groups. 
- ‘Cost efficiency’ is a main concern for top and middle management whereas it 
is the less important dimension for first level managers.  
- ‘Health and Safety’ is the top priority for middle and first level managers but 
only the fifth for the top management.   
- ‘Environment’ is given a priority by operational employees whereas it is low 
on the agenda for top and middle management.  
 
To complete and check the validity of this analysis, analyses of variance are 
also needed to better comprehend the perception differences. 
 
4.4.2 Kruskal-Wallis on the performance dimensions 
Kruskal-Wallis tests are performed. This statistical test allows comparison of 
the means for the dimensions’ importance between the hierarchical groups 
and identifying statistically significant differences. It provides some deeper 




Table 4.11: Kruskal-Wallis test for different levels of hierarchy 












Cost Efficiency 9,674 ,008** 4,688 ,096* 
Machine Efficiency 8,248 ,016** 8,915 ,012* 
Task Efficiency 4,546 ,103 2,848 ,241 
Organisation Efficiency 5,062 ,08* 2,940 ,230 
Learning and Improvement 2,421 0,298 2,507 ,286 
Health and Safety 0,731 0,694 2,181 ,336 a 
Environment 1,797 0,407 
*. The mean difference is significant at the 0.1 level. 
**. The mean difference is significant at the 0.05 level. 
a
 Health & Safety, Environment represents a single measurement dimension 
 
At a confidence level of 90%, the results of the Kruskal-Wallis tests show that 
the respondents have significant differences in their opinion on the importance 
of the Cost / Financial, Organisation and Machine efficiency dimensions and 
on the usefulness of measurement in the ‘Cost’ and ‘Machine efficiency’ 
dimensions (Table 4.11).  
 
In conjunction with the previous Kruskal-Wallis tests, multiple comparisons are 
performed through post-hoc Tukey tests for the dimensions – Cost, 
Organisation and Machine efficiency - where there exists a difference across 
the maintenance hierarchy. This test allows finding the group means that are 
significantly different from one another. To support the analyses of the 
differences, the detailed results at the performance indicators level are 
presented. When no significant differences appeared at the dimension and 
performance indicators levels, it has been decided to present the detailed 
results in appendix D. 
 




Cost efficiency importance & usefulness
The mean usefulness and importance of the cost dimens
figure 4.4. 
 
Figure 4.4: Importance and usefulness of the 
At the 0.1 level, the mean difference between operational and top 
management levels for the cost / financial dimension importance is significant 
(table 4.12): top management tends to consider th
important than operational people for the evaluation of the overall performance 
of maintenance department. This result is in line with the difference in the 
priority order presented in part 4.4.1. 
 





  Thierry Ethevenin
 
ions are presented in 
Cost dimension 
 
e cost dimension as more 
 





















 Importance Usefulness 







Top Management Middle Management ,429 ,573 ,85806 ,132 
Top Management Operational 1,175* ,006 ,75330* ,094 
Middle Management Operational ,746 ,103 -,10476 ,956 
*. The mean difference is significant at the 0.1 level. 
 
 
The differences on the perception of the cost dimension are related to the level 
of responsibility of each organisational level. This finding is supported with the 
significant differences on the indicators “maintenance cost by trade”, “Cost of 
General Support”, “Cost of external service companies” and “Cost of spare 
parts” (table 4.13). As operational managers are not responsible of these 
expenses within Alpha E&P and have little power on the financial decisions, 








Table 4.13: Perceived usefulness of Cost KPIs 




 Hierarchical level Kruskal
-Wallis 
 Top Management Middle 
Management 
Operational  









4,29 1,113 3,17 1,329 3,53 ,943 ,109 
Budget versus actual 
cost 
4,14 ,900 3,33 1,366 3,12 ,993 ,112 
Direct cost of 
Maintenance 
4,00 ,816 3,50 1,049 3,59 ,939 ,571 
Cost of Supervision 3,86 ,900 2,83 ,983 3,19 ,911 ,164 
Cost of General Support 4,00 ,816 2,83 ,753 3,29 ,849 ,044 
Cost of HSE 3,71 1,496 3,00 1,095 3,35 ,786 ,403 
Cost of Manpower 4,29 1,254 3,50 1,517 3,59 1,004 ,293 
Cost of external service 
companies 
4,14 ,900 3,83 ,753 3,12 ,928 ,055 
Cost of spare parts 4,43 ,535 4,00 ,894 3,53 ,943 ,064 
Maintenance cost by 
trade 
4,57 ,535 3,33 1,033 3,24 ,903 ,006 
Maintenance cost by 
type 
4,14 ,690 3,17 ,753 3,44 ,964 ,116 
Unit cost 4,00 1,528 3,00 ,894 3,24 ,903 ,131 
Cost of inspection by 
type of equipment 
3,86 1,069 2,83 ,983 3,12 ,781 ,239 
Ratio inspection cost by 
inspection complexity 
4,00 1,155 2,60 ,894 3,13 ,806 ,050 
Ratio maintenance cost 
by maintenance 
complexity 
4,14 1,069 2,80 ,837 3,38 ,957 ,050 
Ratio Cost of preventive 
maintenance versus 
cost of preventive and 
corrective maintenance 
3,86 1,069 3,60 1,140 3,56 ,964 ,936 
Ratio Cost of work order 
versus total cost of the 
equipment 
4,29 ,756 3,20 ,837 3,38 ,957 ,058 
Ratio Cost of spare 
parts direct 
purchase/from stock 
versus total spare parts 
costs 
4,00 ,816 3,00 ,707 3,38 ,957 ,130 




Machine efficiency dimensions importance and usefulness
The figure 4.5 presents the measurement usefulness and the importance of 
the ‘machine efficiency’ dimension.
Figure 4.5: Importance and usefulness of 
At a confidence level of 90%, the mean differences between top management 
and managers at the operational level on the importance of machine efficiency 
to evaluate the overall maintenance performance are significant (table 4.14). 
appears that this concl
ordering as machine efficiency was a top priority for all levels. This difference 
could indicate that the critical importance of ‘machine efficiency’ is not being 
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Table 4.14: Post Hoc Tukey test for Machine efficiency 
  Importance Usefulness 















Top Management Middle 
Management 
,571 ,459 ,437 ,67857 ,32073 ,104 
Top Management Operational 1,079* ,383 ,023 ,89583* ,26727 ,006 
Middle 
Management 
Operational ,508 ,383 ,392 ,21726 ,26727 ,698 
*. The mean difference is significant at the 0.05 level. 
 
 
This difference in the performance measurement usefulness for this dimension 
may also be explained by looking more precisely at the performance indicators 
levels (table 4.14). The hierarchical groups agree on the level of usefulness of 
the performance indicators directly related to the maintenance operations 
(mean time to repair and mean time between failures, production equipment 
reliability). On the contrary, top management grants a significantly higher 
importance to indicators giving information on the impact of production 
shortfalls, such as ‘Planned shortfalls associated with maintenance / inspection 
operations’, ‘Unplanned shortfalls due to maintenance’. 
As stated by an operational manager on site, “shortfalls [losses of production] 
are considered as normal for maintenance operations whereas they [top 
management] consider them as income losses”. The Head of Maintenance 
confirms this analysis by stating that operational people are stressed by the 
daily operations and do not have the opportunity “to focus on availability 




optimization and benchmarking” contrary to higher-level managers. 
 


















4,71 ,488 3,71 ,951 4,17 ,857 ,096 
Production 
Equipment Reliability 









4,57 ,787 4,00 ,816 3,28 ,958 ,011 
Unplanned shortfalls 
due to maintenance 
4,71 ,488 3,86 ,900 3,44 ,984 ,011 
Repetitive Shutdown 4,71 ,488 4,14 ,900 3,39 1,243 ,020 
Mean time between 
failure 
4,00 ,000 3,43 ,976 3,33 1,029 ,168 









The figure 4.6 presents the measurement usefulness and the importance of 




the ‘organisation efficiency’ dimension.
 
Figure 4.6: Importance and usefulness
 
With a confidence level of 90%, the mean difference between top management 
and operational groups on the importance of 
evaluate the overall maintenance performance is significant
This difference may be explained 
efficiency and the effectiveness of the entire maintenance 
their responsibility whereas operational people 
organisational aspect of the department’s performance.
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  Importance 
 (I) Hierarchical level (J) Hierarchical level Mean Difference 
(I-J) 
Std. Error Sig. 
Top Management Middle Management ,714 ,483 ,315 
Top Management Operational ,929* ,402 ,070 
Middle Management Operational ,214 ,402 ,856 
*. The mean difference is significant at the 0.1 level. 
 
However, it must be noted that hierarchical groups agree on the level of 
usefulness of measures in the organisation dimension whereas they differ on 
its importance (Table 4.17). This may be due to the fact that only the higher 
hierarchical level is explicitly in charge of having an efficient management of 
the department (thus granting a high importance to the organisation 
dimension), while every worker of the organisation feels involved and 
concerned in the monitoring of organisational performance indicators, which 
are directly linked to the daily operations.  
 
Table 4.17: Differences in perceived usefulness of Organization KPIs 
 Hierarchical level Kruskal-
Wallis 
 Top Management Middle 
Management 
Operational  








Backlog days by type 3,86 ,690 3,14 ,690 3,06 ,725 ,051 
Ratio of active hours 
versus reported hours 
4,00 ,577 3,83 ,408 3,06 ,938 ,022 
 
Task efficiency 
The figure 4.7 presents the measurement usefulness and the importance of 




the ‘task efficiency’ dimension.
 
Figure 4.7: Importance and usefulness of the M
 
All the levels of the organisation
task’ dimension. While it is important for first level managers to have a 
performance measurement of the activities that they performed, this dimension 
constitutes the only wa
what is happening on the production sites
There is only one significant difference
dimension as top management has
Preventive Maintenance Hours versus total achieved maintenance hours”
(table 4.18). This ratio is considered by the top
an indicators of the effective application of the maintenance policy
for monitoring the overall maintenance activity on production sites and 
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production equipment availability. On the contrary, operational people are 
more focused on the short-term work program than aggregated measures of 
past operations results and find this indicator “impracticable to use”. 
 
Table 4.18: Difference in perceived usefulness of Tasks KPIs 
 Hierarchical level Kruskal-
Wallis 





























Figure 4.8: Importance and usefulness of the 
 
In the learning and improvement dimension, there is a high level of agreement 
between the hierarchical levels about the usefulness of the measurement and 
the importance of the dimension
importance is consistent with the emphasise put on the training 
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Health, Safety & Environment 
 
Figure 4.9: Importance and usefulness of the Health & Safety and 
Environment dimensions 
 
There is a very high agreement on the usefulness of the indicators related to 
the HSE dimension as, at a confidence level of 90%, statistically significant 
differences exist for only two measures out of fourteen in this dimensions - 
“Environmental damage incidents” and “Vital safety equipment backlog” (table 
4.19). This result may be directly linked to the maintenance strategy as safety 
has been set by the management as the first priority for all the employees: for 
instance, notice boards “Safety first” have been installed in all sensitive areas 
of the production facilities. It has also been noticed during sites visits and 
interviews with employees that a particular emphasis has been put on the 
communication of these indicators through a monthly HSE dashboard 
displayed to all employees in every facility.  














Usefulness Health, Safety & 
Environment
Environment Importance
Health and Safety 
Importance




this dimension. Middle and first level managers are usually working directly on 
the producing facilities: they are thus directly concerned with the performance 
in the HSE dimension as they would be the first to suffer from any incidents. 
The top management, albeit also interested in the safety of its subordinates, is 
rather conscious about the link between health & safety and the financial 
consequences of any incidents. As put on by the head of maintenance,  
“If we have a high performance in the safety area, we perform well in 
production thus we may achieve good financial results” 
 
Table 4.19: Differences in perceived usefulness of HSE KPIs 
 Hierarchical level Kruskal-
Wallis 











4.71 .488 4.00 .707 4.00 .686 .054 
Vital safety 
equipment backlog 












Overall perceived usefulness of KPIs 
The Post Hoc test for the overall ratings of KPIs’ usefulness presented in figure 





Figure 4.10: Performance indicators’ usefulness by hierarchical level 
 
At a confidence level of 90%, there exists a statistically significant difference in 
the mean perceived usefulness of the maintenance performance indicators: 
top management have a more intensive use of performance indicators in their 




















 (I) Hierarchical level (J) Hierarchical level Mean Difference 
(I-J) 
Std. Error Sig. 
Top Management Middle Management ,45877 ,26355 ,208 
Top Management Operational ,04470 ,21963 ,073* 
Middle Management Operational ,04470 ,21963 ,977 
*. The mean difference is significant at the 0.1 level. 
  
 
A top manager has explained the difference as follows:  
“The role of the performance indicators is to provide me the most accurate 
feedback on the activities on [production] sites. This represents a key input 
in our decision process”.   
Contrary to the top management, first level employees are working on site and 
have a direct view of the operations. As such, they are less liable to take a 
global perspective for the management of the operations and are consequently 
less interested in the information provided by the performance measurement 
system. 




5 Discussion of the results and conclusion 
 
5.1 Introduction 
This chapter first presents the implications of the results for the maintenance 
management, then the limitations of these contributions and possible further 
research perspectives. This is finally followed by a summary of the research 
findings. 
 
5.2 Discussion and implications for practices 
A discussion of the survey results and their implications for practices are 
presented in the following part. 
 
5.2.1 Maintenance performance dimensions  
Beyond the traditional maintenance performance dimensions 
The dimensions to be taken into account in a maintenance performance 
measurement system in the upstream Oil & Gas industry have been identified 
through the review of the general maintenance performance literature and 
confirmed with the analysis of the survey results. The core dimensions of 
maintenance performance as identified in the literature - machine efficiency, 
task efficiency, organisational efficiency, cost efficiency (Coetzee, 1998; Arts et 
al., 1998) - are all considered as important by the maintenance managers of 
Alpha E&P. However, maintenance employees recognize the limitations of a 
performance measurement restricted to the financial and organisational 
aspects. Issues related to the social and environmental dimensions (Health 




and Safety, Learning & Improvement and Environment) are considered as 
more important than the cost or organisational dimensions.  
This result constitutes corroborative evidence that there exists a continuous 
evolution of the management practices in this industry due to “the emerging 
sustainable Oil & Gas business context” as identified by Liaynage and Kumar 
(2003). In businesses that are particularly socio-economically sensitive such 
as the Oil & Gas production, the sustainability dimension has gained specific 
attention at the corporate level, as it can constitute a competitive advantage to 
remain commercially successful (Liyanage, 2007). In practice, the 
sustainability evolution implies a modification of the business activities by: 
“…adapting business strategies and activities that meets the needs of wider 
stakeholders of a commercial business and also the operator or the owner of 
the plant in question, through processes and products that has well-balanced 
and positive economical, social and environmental implications” (Liyanage, 
2007).   
This point proves that decision-making processes and the performance 
assessment in the maintenance activities in the Oil & Gas industry are no more 
solely based on economic and organisational criteria but also integrate 
considerations on the environmental and social perspectives. This finding 
provides also a practical confirmation to the theoretical maintenance 
performance framework proposed by Parida (2006). 
 




Perception of the cost dimension in the overall maintenance 
performance measurement 
It appears that the cost dimension is viewed as the less important dimension 
for the overall evaluation of the maintenance department performance. 
Similarly, the performance indicators, which are specifically related to the cost 
dimension, are less useful for the maintenance employees than the other non-
financial performance indicators.  
This result gives some practical grounding to the notion identified in the 
maintenance performance literature that managers do not consider anymore 
the function as an expense account but rather as an integral part of the 
production activities. Maintenance creates value for the business as reducing 
failures could result in great savings. The function has gained a clear role in 
the corporate long-term profitability (Alsyouf, 2007). The financial dimensions 
must naturally be taken into account to evaluate the overall performance but it 
does not appear anymore as paramount while managing the function. 
 
A correlated set of dimensions 
When regarding more specifically the correlation between the dimensions, the 
Health and Safety, Learning & Improvement and Environment dimensions, 
which belong to the social and environmental perspectives, are significantly 
related to the cost/financial dimension. This point proves that the maintenance 
employees do not consider the three performance perspectives as 
independent but rather as interrelated: the level of performance in safety and 
environment dimensions may be linked with the economic results of the 




maintenance department.  
This finding is in line with the view of Liyanage and Kumar (2003), who state 
that both social and environmental aspects further generate economical 
consequences. These correlations have been further studied in the literature:  
- At the corporate level, Schaltegger and Synnestvedt (2002) surveyed the 
studies on the link between environmental and economic performance and 
proposed a model linking positively, under certain circumstances, 
environmental performance and economic success.  
- In the Oil & Gas industry, the recent incidents with their multi-billion dollar 
consequences, as exemplified recently by the explosion of the Deepwater 
Horizon drilling rig of BP, have made obvious the link between safety and 
economic performance. In a case study performed in an Oil & Gas production 
plant, Aouidia et al. (2008) evaluated the economic impact of maintenance 
management ineffectiveness characterized notably by a high number of 
disruptions due to safety incidents: around 13% of the sales turnover from the 
plant was lost. 
The confirmation of these two perceived relations confirms the value that a 
high performance in the non-financial perspectives may finally provide to the 
company’s financial results and strengthens the role of these perspectives in 
the overall performance of the maintenance function. 
 
 
5.2.2 Perception of the performance dimensions across the organisation 




Strategic alignment across the organisation 
At all levels of the organisation, the performance dimensions were rated at 
least as important for the overall performance of the maintenance department. 
There is, thus, a relatively high agreement across the organisation on the 
dimensions that have to be integrated into the measurement system. 
Nevertheless, statistically significant differences have been identified in the 
importance granted to some performance dimensions between the hierarchical 
levels.  
Although relatively few authors have explicitly discussed the need for a strong 
agreement on the strategy, most of the authors in the operations management 
area implicitly assume that there should be some level of agreement within the 
organisation (Skinner, 1974; Lynch & Cross, 1995; Kaplan and Norton, 1996; 
Ward et al., 1996). Boyer and McDermott (1999) performed a study on the 
strategic consensus across the organisations (level of agreement on the 
importance of the performance dimensions) and stated that a low level of 
agreement may jeopardize the achievement of the organisation strategy as 
summarized in Figure 5.1. Consequently, the differences identified on the 
importance of the performance dimensions may prompt the upper 
management to focus more attention on the effective communication of goals 
across the hierarchical levels of the department in order to achieve the 
organisation’s goals. 
 





Figure 5.1: Strategy alignment within the organisation 
(source: Boyer and McDermott, 1999) 
 
Significant differences in the performance dimensions importance 
The significant differences identified between the top and first-level 
management levels concern more specifically the importance given to the 
‘machine efficiency’, the ‘organisation efficiency’ and the ‘cost’ dimensions. In 
all cases, the top management grants more importance to the dimensions than 
first-level managers. 
- The difference in the cost dimension is consistent with previous studies in the 
manufacturing industry on the perception of performance dimensions 
according to the hierarchical level of employees. As pointed out by Fry (1995), 




the “emphasis on the use of financial criteria [to evaluate performance] lessens 
at each subsequent lower in the organisation”. As we have seen, in chapter 4, 
this difference is related to different levels of responsibility in the financial area.  
- The differences between the top level and first level managers on the 
importance of the ‘machine efficiency’ and ‘organisation efficiency’ dimensions 
contradict the common viewpoint held in the literature: operational 
measurement is most likely adapted to the operational / first level managers 
(Melnyk et al., 2004).  
This point may be a critical subject for the effective management of the 
maintenance function as the Oil & Gas companies - as other capital-intensive 
businesses - incur heavy losses when the production equipment is not in full 
operational mode (Tsang and Brown, 1999; Murthy et al., 2002). A 
misalignment on these crucial objectives across the maintenance organisation 
may have some important negative consequences on the economic 
performance of the company. 
 
5.3 Implications for research 
The results of this project have also implications for studies in the field of 
operations management. Boyer and Pagell (2000) were among the first to 
evoke a research method in operations management involving multi-
respondents from different groups of a same organisation to improve the 
validity of the studies. They ascertain that a single-respondent may not provide 
an accurate and holistic view of the organisation. 
A valuable insight from this study relates to the identification of differences in 
the perception of performance between the different hierarchical levels of the 




organisation: this confirms the need for studies on operations management to 
avoid having a single respondent by unit surveyed. 
 
5.4 Limitations of the study and further researches 
Despite the achievements, this project has a main limitation that could be 




The results of this research project are subject to number of boundaries that 
could be extended by further research. Handfield and Melnyk (1998) state: 
Specifically, researchers must consider the possible effects of industry, 
organisation size, manufacturing processes and inter-organisational 
effects in setting boundary assumptions on their observation. 
The main limitation to generalisation is derived from the fact that the 
observations and the survey were performed within a single organisation. It 
would be questionable to generalize from one organisation to the whole 
upstream O&G industry but a large-scale survey in different maintenance 
departments could reinforce these preliminary results related to the perception 
of maintenance performance measurement. Further research could also test 
the findings in other sectors and refine these contributions to be more adapted 
to a general maintenance context. 
This limitation of the single-case approach is compensated by the opportunity 
to survey a significant number of respondents at different levels of a 






Sample size limitation 
Another limitation of the study is the sample size on which is based on the 
survey. As the number of job positions surveyed within the organisation was 
naturally limited, it was not possible to increase the sample size. A study 
involving a larger number of respondents could be useful in order to improve 
the reliability of the survey conclusions. 
 
5.5 Summary of the research contributions 
Maintenance is a source of competitive advantages in capital-intensive 
industries such as the O&G upstream industry as availability of production 
units, working on a continuous basis, is crucial. Although researchers have 
recently developed general frameworks to measure the performance of the 
maintenance function, none of them specifically address the O&G industry and 
the actual perception of performance measurement by the maintenance 
employees. The first research question of this study aims thus at fill this gap: 
Research Question 1: What are the current relevant dimensions and indicators 
in the performance measurement of the maintenance activities?  
It has also been shown that the involvement of every employee is a 
requirement for the effective operation of a maintenance measurement system 
but no studies have yet compared the perception of the different hierarchical 
groups within a maintenance organization. The second research question was 
defined accordingly: 




Research Question 2: Are there differences in the perception of the 
performance measurement between the maintenance hierarchical levels? 
 
The conclusions, achieved by this research about these issues and presented 
in this thesis, are summarized as follows: 
 
The research identified, through a survey of the employees of a maintenance 
department, the main dimensions on which assessment of the maintenance 
function in the O&G industry is based. In addition to its core objective – keep 
the process running i.e. maximize machine availability – other dimensions 
(Safety & Health, Environment, Learning & Improvement), which were 
previously not integrated in the maintenance performance, are now taken into 
account and are even considered as more important than the organisational 
and cost related dimensions. This finding confirms the evolution of the 
maintenance performance measurement practice in accordance with the 
growing sustainable context of the Oil & Gas industry and the change in the 
perception of maintenance, which is no more viewed as an expense account. 
 
The perception of performance measurement was also compared between the 
hierarchical levels of the maintenance organisation. Whereas most of the 
studies on operations management are limited to one respondent by surveyed 
organisation, this project identified differences on the importance granted to 
the cost, organisation and machine efficiency dimensions between the 
hierarchical groups of a single organisation. This misalignment on the 
maintenance performance dimensions between the hierarchical levels may 




prevent the organisation from achieving successfully its strategy and should 
encourage top management to endeavour to effectively communicate its 
strategic objectives. 
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B. Oil and Gas Production processes 
 (Institut Francais du Petrole, 2002) 





The Oil and Gas industry aims at extracting hydrocarbons, which need to be 
refined before being used by the final customer. Value chain for this specific 
industry can be divided into: 
Upstream Processes 
Geosciences (geologies and geophysics) 
Reservoir 







Upstream covers explorations, reservoir evaluation, drilling and well 
completion, production treatment and transport of Hydrocarbons, which may 
be located as deep as 9000 meters within void volume named reservoirs. 
Surface treatments contribute to modify extracted products and allow their 
transportation in a safe and economical manner. Production outputs are multi-
phase (Hydrocarbons liquid, gas and water) and have a high content of 
corroding elements. Formation solids may be transported in the flow.  
Machinery, especially compressors and pumps, are critical elements in every 
oil and gas process, allowing the movement of fluids from the wellheads to 
processing facilities, pipelines and terminals (Filder, 2009) 




The potential3 of the well is the maximum volume of oil and gas that a well is 
capable of producing. It is usually not achievable due to production constraints 






                                        
3
 Oil and Gas glossary, http://oil
 
  Thierry Ethevenin
.1: Typical production equipment













Figure B.2: Typical surface production equipment 
 
The core of our study is focused on maintenance during production operations, 
which gather the extractions and treatment operations of the production fields. 
 






Figure B.3: Life cycle of a hydrocarbon field 
(Source: Alpha E&P Manual) 
 
 
Production operations represent the larger part of the life cycle of an oil field. 
Managing and optimizing their performance is thus essential to maximizing the 










C. Survey on Maintenance Performance Measurement  
 
This survey is being conducted by Thierry Ethevenin (FO/PRD) for the 
completion of his Master degree thesis at the National University of Singapore. 
All information provided will be strictly confidential. Thank you in advance for 
your contribution to this study. 
 





Experience in O&G 
Experience in Maintenance 
Degree 
 
Part II: Overall performance of maintenance 
For the maintenance department, the following dimensions are  
1- Not important at all; 2 – Not necessarily important 3- Important 4-Very 
important 5- Extremely important 
 






1 2 3 4 5 
Cost      
Machine Efficiency      
Task efficiency      
Organisation efficiency      
Learning and improvement      
Health and Safety      
Environment      
 
 
Part III: Key performance indicators in Maintenance 
Please rate the following measures with respect to their usefulness in 
measuring maintenance performance at your level.  
 
Cost / Financial indicators 
Regarding your job responsibilities, the following indicators are : 
1- Not at all useful 2- Useful to some extent 3- Useful to a moderate extent 4- 
Useful to a considerable extent 5- Useful to a very great extent 
 
 
 1 2 3 4 5 
Overall maintenance costs      
Budget versus costs       
Direct cost of maintenance      
Cost of supervision      
Cost of General Support      
Cost of HSE      
 





 1 2 3 4 5 
Manpower cost      
External companies service 
cost  
     
Spare parts cost (from stock / 
direct purchase) 
     
Maintenance cost by trade      
Maintenance cost by type      
Unit cost      
Ratio Inspection Cost divided 
by inspection complexity of 
the installation 
 
     
Ratio Cost of maintenance 
divided by maintenance 
complexity of the installation 
     
Ratio of Cost of preventive 
maintenance versus cost of 
preventive & corrective 
maintenance 
     
Ratio of cost work order for 
an equipment versus the total 
cost of purchase of the 
equipment 
     
Ratio of cost spare parts from 
direct purchase of from stock 
by trade versus total spare 
parts cost 
     
 
 
Production equipment efficiency 
Availability: Ratio of Running and Available Hours by the Total Hours  




Regarding your job responsibilities, the following indicators are: 
Not at all useful 2- Useful to some extent 3- Useful to a moderate extent 
4- Useful to a considerable extent 5- Useful to a very great extent 







 1 2 3 4 5 
Production equipment 
availability 
     
Production equipment 
reliability  
     
Planned shortfalls associated 
with maintenance operations 
     
Planned shortfalls associated 
with inspection operations 
     
Unplanned shortfalls due to 
maintenance 
     
Repetitive machine shutdown      
      
 
 
Additional corporate indicators 
 1 2 3 4 5 
Mean time between failure      




Regarding your job responsibilities, the following indicators are: 
1- Not at all useful 2- Useful to some extent 3- Useful to a moderate extent 
4- Useful to a considerable extent 5- Useful to a very great extent 
 
 




 1 2 3 4 5 
Maintenance available hours      
Maintenance Hours Achieved      
Work realization versus 
capacity 
     
Achieved hours per 
disciplines 
     
Ratio of achieved preventive 
maintenance hours versus 
total maintenance hours 
     
Ratio Preventive scheduled + 
preventive on condition 
versus total maintenance 
hours 
     
Maintenance overtime hours      
Ratio of reported hours 
versus available hours 
     
 
 
 1 2 3 4 5 
Work order by status      
Average number of days of 
preparation of work orders 
     
Average time of work order 
closed by discipline 
     
Ratio of work orders 
completed compared to work 
order planned 




Regarding your job responsibilities, the following indicators are: 
1- Not at all useful 2- Useful to some extent 3- Useful to a moderate extent 
4- Useful to a considerable extent 5- Useful to a very great extent 
 




 1 2 3 4 5 
Total maintenance backlog      
Work orders backlog by type 
of causes 
     
Backlog of work order 
preparation 
     
Maintenance scheduled hours      
Scheduled hours versus 
capacity 
     
Number of work order created 
by discipline 
     
Number of work order created 
by maintenance type 
     
Number of new notifications      
Number of rejected 
notifications 
     
Number of not yet processed 
notifications 
     
Number of work orders by 
priority 
     
Mean Backlog days by trade      
Mean Backlog days by work 
order priority 
     
Mean backlog days by 
maintenance type 
     
Mean backlog days by work 
orders status 
     
Ratio of active hours (on 
operations and preparation) 
versus reported hours 
     
 
 




 1 2 3 4 5 
Spare parts with stocks on 
hand=0 
     
Spare parts stock on hand = 
0 Urgently required by site 
     
Insurance spare parts without 
stock 
     
Ratio of number of items with 
stock shortage needed for 
work orders compared to the 
total number of maintenance 
leaded items 
     
Ratio of the number of items 
with stock shortage needed 
for work orders compared to 
the total number of items 
needed for work orders 
     
Latency (restocking time) by 
item in stock shortage 
     
 
 
Learning and improvement 
Regarding your job responsibilities, the following indicators are: 
1- Not at all useful 2- Useful to some extent 3- Useful to a moderate extent 
4- Useful to a considerable extent 5- Useful to a very great extent 
 
 
 1 2 3 4 5 
Technical training for 
maintenance completion 
     
Number of improvements 
iniatives achieved (technical 
task operation guides) 
     
Audit actions clearance      
Availability of critical 
operation guidance 
     




Health, Safety and Environment 




Regarding your job responsibilities, the following indicators are: 
1- Not at all useful 2- Useful to some extent 3- Useful to a moderate extent 
4- Useful to a considerable extent 5- Useful to a very great extent 
 
 1 2 3 4 5 
Total recordable injury      
Lost time injury frequency      
Restricted work day case + 
Medical treatment case + Lost 
time injury case frequency 
     
High potential Incident 
frequency 
     
Fatalities      
Anomalies (Unsafe acts / 
situations reported) 
     




     
Overall improvement actions 
(HSE Committees held, HSE 
audits completed Boards of 
Enquiry, Site HSE tours, 
Safety talks, Root cause 
analysis, Emergency drills / 
exercises) 
     
Vital Safety Equipment 
Backlog (PSV, ESD, FD, 
FWP, Others safety 
equipment) 
     
Downgraded situation      
Safety report (Cermat)      
Medical check-up 
 
     








D. Detailed survey results 
- Maintenance organisation efficiency 
 Hierarchical level Kruskal-
Wallis 
 Top Management Middle 
Management 
Operational  
 Mean Rank Std. 
Devia
tion 
Mean Rank Std. 
Devia
tion 





Maintenance backlog 3,86 10 1,215 3,71 5 ,756 3,53 10 ,990 ,812 
Backlog of work order 
by type of causes 
4,00 6 1,000 3,29 10 1,113 3,53 10 ,915 ,286 
Backlog of work order 
preparation 
3,80 13 ,447 3,14 16 ,900 3,13 18 1,060 ,326 
Maintenance 
scheduled hours 
4,14 3 ,690 3,43 9 ,535 3,88 4 ,719 ,152 
Scheduled hours 
versus availability 
4,14 3 ,690 3,57 7 ,535 3,94 2 ,854 ,292 
Number of work order 
created by disciplines 
3,29 19 1,113 3,00 20 ,577 3,63 8 ,806 ,188 
Number of work order 
created by type 
3,29 19 1,113 3,14 16 ,900 3,50 13 ,730 ,465 
Number of new 
notifications 
3,14 21 1,069 3,14 16 ,690 3,60 9 ,737 ,460 
Number of rejected 
notifications 
3,00 22 ,577 2,71 22 ,488 2,94 21 1,124 ,772 
Number of not yet 
processed 
notifications 
3,43 17 ,535 3,29 10 ,756 2,69 22 1,078 ,118 
Work orders by 
priority 
4,14 3 ,690 3,71 5 ,488 3,83 5 ,707 ,459 
Backlog days by trade 3,86 10 ,900 3,29 10 ,756 3,17 16 ,786 ,201 
Backlog days by 
priority 
4,00 6 ,816 3,57 7 ,787 3,33 15 ,767 ,230 
Backlog days by type 3,86 10 ,690 3,14 16 ,690 3,06 19 ,725 ,051 
Backlog by work 
orders status 
3,43 17 ,787 3,00 20 ,577 3,17 16 ,786 ,596 
Ratio of active hours 
versus reported hours 
4,00 6 ,577 3,83 4 ,408 3,06 19 ,938 ,022 
Spare parts with stock 
on hand = 0 
4,00 6 ,816 4,00 2 ,816 3,94 2 1,029 ,999 
Spare parts with stock 
on hand = 0 - Urgently 
required by site 
4,71 1 ,488 4,14 1 ,900 4,24 1 ,562 ,186 
Insurance spare parts 
without stock 
4,29 2 ,951 4,00 2 ,894 3,71 7 ,985 ,417 




Ratio Number of items 
with stock shortage 
compared to total 
maintenance items 
3,57 15 ,535 3,20 13 ,447 3,53 10 1,179 ,433 
Ratio Number of items 
with stock shortage 
needed compared to 
total maintenance 
items 
3,57 15 ,535 3,20 13 ,447 3,47 14 1,231 ,599 
Latency (restocking 
time) by item in stock 
shortage 
3,71 14 ,951 3,20 13 ,447 3,76 6 ,970 ,203 
 
Maintenance task efficiency 
 Hierarchical level Kruskal-
Wallis 
 Top Management Middle 
Management 
Operational  
Mean Rank SD Mean Rank SD Mean Rank SD Sig. 
Maintenance available 
hours 
4,00 4 1,000 3,57 9 ,535 3,61 2 ,916 ,426 
Maintenance achieved 
hours 
4,00 4 1,155 3,71 5 ,488 3,78 1 ,878 ,696 
Ratio achieved hours 
versus availability 
4,00 4 ,577 3,71 5 ,756 3,39 7 1,037 ,318 
Achieved Hours by 
Disciplines 
3,86 8 ,690 3,86 1 ,690 3,39 7 ,979 ,433 
Achieved Hours by 
type 













4,29 1 ,756 3,86 1 ,690 3,61 2 ,916 ,220 
Maintenance 
Overtime 
3,57 10 ,535 3,43 12 ,535 3,28 9 1,127 ,578 
Reported hours 
versus available 
4,00 4 ,816 3,57 9 ,535 3,28 9 1,074 ,267 
Work orders by status 4,29 1 ,756 3,86 1 1,069 3,50 4 ,985 ,168 
Average number of 
days of preparation of 
work orders 
3,14 13 ,690 3,71 5 ,756 3,22 11 ,943 ,214 




Average number of 
days of completion of 
work orders 
3,29 12 ,756 3,57 9 ,787 3,11 13 ,900 ,343 
Ratio work orders 
completed versus 
work order planned 
3,57 10 ,535 3,43 12 ,787 3,44 5 ,922 ,865 
 
- Learning & Improvement  
 Hierarchical level Kruskal-
Wallis 
 Top Management Middle 
Management 
Operational  
 Mean Rank S D Mean Rank S D Mean Rank S D Sig. 
Technical training 
completion 




3,86 4 ,690 4,17 2 ,753 3,78 4 ,732 ,517 
Audit action 
clearance 
4,00 3 ,577 4,17 2 ,408 3,28 5 ,826 ,008 
Availability of critical 
operation guidance 
4,43 1 ,787 4,17 2 ,753 4,00 2 ,707 ,396 
Technical talks 3,00 5 1,225 3,86 5 ,378 3,89 3 ,676 ,209 
 
- Health, Safety & Environment 
 Hierarchical level Kruskal-
Wallis 
 Top Management Middle Management Operational  




4.29 5 1.113 3.80 12 .837 3.94 6 .802 ,421 
Lost time injury 
frequency 
4.29 5 1.113 4.25 2 .957 3.83 8 .857 ,369 
Restricted work day 
case frequency 
4.14 9 1.069 3.80 12 .837 3.78 9 .808 ,491 
High potential 
incident frequency 
4.29 5 1.113 4.00 7 .707 4.00 2 .767 ,498 
Fatalities 4.43 4 1.134 4.00 7 .707 4.00 2 .840 ,332 
Anomalies 4.14 9 .690 4.20 3 .447 4.12 1 .697 ,984 
Formal complaints 
and fines 
3.57 14 .535 3.60 14 .894 3.61 13 .698 ,982 
Environmental 
damage incidents 
4.71 1 .488 4.00 7 .707 4.00 2 .686 ,054 







4.00 13 1.155 4.00 7 .632 3.61 13 .916 ,452 
Vital safety 
equipment backlog 
4.57 2 .535 4.67 1 .816 3.78 9 .878 ,027 
Downgraded 
situation 
4.57 2 .535 4.17 4 .983 4.00 2 .767 ,264 
Number of Safety 
reports 
4.14 9 .690 4.17 4 .408 3.65 12 .931 ,275 
Medical check-up 
completion 
4.29 5 .756 4.00 7 .632 3.94 6 .639 ,495 
HSE training 
completion 
















E. List of interviews 
 
Interviewee Type of interview Venue Subject 
Head of maintenance Open-ended Head office Preparation of 
the survey 
Head of Maintenance 
methods 
Open-ended Head office Preparation of 
the survey 
Head of maintenance 
methods 
Focused interview Head office Survey results 
Head of production 
services 
Focused interview Head office Survey results 
Production & 
maintenance methods 
Focused interview On site Survey results 
Maintenance 
Superintendent- Site 
Focused interview On site Survey results 
Supervisor (ELC) Focused interview On site Survey results 
Supervisor (MEC) Focused interview On site Survey results 
Head of maintenance Focused interview Phone call Survey results 
Head of maintenance Focused interview By phone Survey results 
 
 
 
 
 
